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 This research evaluates the use of a buffered vinegar and lemon juice concentrate (LV) 
solution on the quality of restructured beef and turkey rolls.  Two studies were conducted to 
evaluate processing and ingredient concentration. Beef and turkey rolls were formulated with 
minimal ingredients.  1.5% sea salt, 0.5% turbinado sugar, with LV or no LV.  Study one 
evaluated length of mixing time (2.5, 5, 10, 15, 20 minutes) on quality and sensory attributes 
with 2.5% LV or 0% LV (C).  Study two was divided into four treatments, 0% (C), 1.5%, 2.5%, 
and 3.5% LV, used to evaluate the effects of three levels of LV on quality and sensory attributes.  
In study one, C treatment increased (P < 0.05) cook yield for beef, however, mixing time had no 
effect (P > 0.05) on cook yield for beef or turkey.  Slices of turkey and beef with LV were darker 
(L*) and less red (a*).  Mixing times increased (P < 0.05) L* for turkey and beef while a* values 
decreased for beef slices.  Twenty minutes of mixing made beef tougher (P < 0.05).  Study two 
found no difference (P > 0.05) in cooking yield between treatments.  The pH of the cooked 
turkey role decreased (P < 0.05) with increasing LV.  Slices of beef and turkey L* values were 
lower (P < 0.05) for LV, and a* values for turkey were lower when compared to C.  Most 
textural analysis for were not different.  C turkey slices were less chewy (P < 0.05) than LV 
 
 
3.5%.  Sensory analysis found LV rated higher (P < 0.05) for overall flavor and acceptability for 
beef.  No differences (P > 0.05) were found for overall flavor and acceptability of turkey.  
Mixing time can affect final product color and the addition of LV can negatively affect beef 
color when making medium rare roast beef.  The addition of LV in reduced salt beef rolls can 
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Foodborne infections are an important public health challenge.  In 1999 the 
Centers for Disease Control and Prevention (CDC) estimated that foodborne infections 
cause 76 million illnesses, 325,000 hospitalizations, and 5,000 deaths each year (Mead et 
al. 1999).  Ready-to-eat (RTE) meat products are some of the most popular meat items in 
the United States and are one source of these foodborne infections.  RTE meat products 
are occasionally contaminated with foodborne pathogens due to post lethality processing 
contamination, during slicing and packaging with pathogens such as Listeria 
monocytogenes which causes listeriosis. (Beresford et al. 2001)  The CDC estimates 
listeriosis causes 2,500 cases of infection, which result in 500 deaths and accounts for 
approximately $200 million in monetary loss in the United States annually (Mead et al. 
1999).   
 Today’s consumers are becoming more aware and concerned with the process of 
how food finally makes it to their plate for consumption.  Reasons of concern for 
consumers include the use of hormones and antibiotics in raising livestock, pesticides and 
genetic modifications in plants, and chemical additives which are associated with 
conventionally produced food products.  Consumers also tend to believe that natural or 
organic foods are more nutritious or safer to eat.  Therefore, there has been market 
growth in the United States in the natural and organic food sector, and premiums paid by 
consumers for these products can reach as much as 200-300% over conventionally 
produced products (Sebranek and Bacus 2007a, 2007b, Bourn and Prescott 2002).   
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 So what does the term “natural” mean?  According to the definition from the 
USDA (2005) the term “natural”, “means that the food does not contain any artificial 
flavor or flavoring, coloring ingredient, or chemical preservative, or any other artificial or 
synthetic ingredient; and the product and its ingredients are not more than minimally 
processed.”  Many products or ingredients used in conventionally produced RTE meat 
items are considered artificial flavoring, chemical preservatives, or are more than 
minimally processed.  Ingredients such as phosphate, sodium lactate, sodium diacetate, 
sodium erythorbate, and nitrite do not qualify as natural ingredients.  These ingredients 
usually have multiple functions, and serve at microbial inhibitors, flavor, binding agents 
and antioxidants.  Since these ingredients are not able to be used in “natural” products, 
other ingredients must be found that can comply with the USDA guidelines and 
consumer demands.  Natural ingredients can include things like sea salt, turbinado sugar, 
fruit juices (lemon juice), and vinegar (acetic acid) (Bacus 2007, Sebranek and Bacus 
2007a).  These natural ingredients must still be able to ensure the safety of RTE meat 
products. 
 Ingredients like fruit juices (lemon juice) and vinegar (acetic acid) have taken the 
place of ingredients like sodium lactate, sodium citrate, and sodium diacetate in order to 
help prevent or delay the growth of pathogenic microorganisms such as Listeria 
monocytogenes.  Hofing et al. (2008), Valenzuela-Martinez et al. (2010), and Glass et al. 
(2010) have shown that “natural” antimicrobials such as buffered citric acids, acetic 
acids, or a mixture of the two can control the growth of pathogens like L. monocytogenes 
and C. perfringens.  However, minimal research has been published on the effects of 
“natural” antimicrobials on processed meat quality. 
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 This research was conducted in two studies to evaluate the effects a buffered 
vinegar and lemon juice concentrate ingredient, has on the finished product quality of 
restructured roast beef rolls and oven roasted turkey rolls.  Study 1 evaluated the addition 
of one level of a commercial blend of buffered vinegar and lemon juice concentrate (LV) 
solution and different mixing times, and its effects on finished product quality of 
restructured turkey and beef rolls.  Study 2 evaluated different levels LV and the effects 
on finished product quality of restructured turkey and beef rolls. 
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REVIEW OF LITERATURE 
  
This review will cover the functionality of non meat ingredients used in processed 
meats, natural and organic meat products, the use of organic acid or salts of organic acids 
used in processed meat formulations, Listeria monocytogenes, and the effects of mixing 
time on finished product quality. 
 
I. Ingredient Functionality 
Water 
 Water is one of the main components of meat, as muscle contains approximately 
75% water.  Water is found in meat is in several forms:  bound, immobilized, and free   
(Keeton and Eddy 2004).  Of the 75% water muscle contains, myofibrillar proteins bind 
approximately 80% and the sarcoplasm contains approximately 20% of the water 
(Bendall and Restall 1983).  Bound water is very unlikely to be lost during freezing or 
cooking, because of its tight association with the muscles proteins.  Immobilized water is 
bound in place by hydrogen bonds to the bound water, and can be lost during the 
conversion of muscle to meat.  The free water which is held in the muscle by the 
sarcolemma is able to move easily and be lost if the sarcolemma is fractured or disrupted 
(Huff-Lonergan and Lonergan 2005).   
 The pH level of meat can affect how much water the meat is able to hold.  Meat 
water holding capacity (WHC) is known as the ability of muscle to retain water that is 
present within the muscle structure.   When the pH level is near meats isoelectric point 
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(pI of 5.2), the net charge of the protein lattice is approximately zero, in return this 
reduces the space between the myofilaments where water is able to bind (Romans et al. 
2001).  The further the pH level is away from the isoelectric point, the greater the 
distance between the myofilament proteins there is for water molecules to bind. 
 Water is a major component for meat processors in the production of processed 
meat products.  Water is used in meat formulations to dissolve non-meat ingredients and 
thoroughly incorporate them throughout the entire product.  It is important to distribute 
the non-meat ingredients evenly throughout the entire product for both product quality 
and food safety purposes. This is done through injection, tumbling, or mixing of the 
product (Pegg 2004, Romans et al. 2001).   
 Cooking causes a loss of water from meat due to the muscle fibers denaturing and 
shrinking which leads to evaporation of the water.  Water loss can decrease yields and 
reduce meat processors profit margins.  Meat processors therefore strive to add enough 
water and other non-meat ingredients in order to allow the product to return to its green 
weight when cooked.  Green weight is the weight of the raw product before any 
ingredients are added.  In addition to helping with yield losses, the addition of water will 
also create a moist mouth-feel while softening the product and increase the tenderness of 
the product (Pegg 2004). 
Salt 
 The use of salt in meat products has been around since the beginning of meat 
preservation.  It was used to preserve meat during the warm months before refrigeration 
was developed in the 1900’s.  Salt today has many different functions in modern meat 
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processing such as: flavor enhancement, protein extraction, increasing WHC and 
antimicrobial properties (Romans et al. 2001). 
 Salt is added to many different meat products at the level of 2-3% to enhance the 
flavor of the product and make it desirable to consumers.  The 2-3% levels are used due 
to consumer thresholds, preferences, and health risks associated with hypertension and 
heart disease (Pearson and Gillett 1999).  Salt is used in emulsified or restructured meat 
products to extract salt soluble proteins.  These extracted proteins will bind the meat 
pieces together.  Salt may be added at either a 7% brine solution or a 4.5-5% dry salt 
addition based on the meat block weight (Mandigo and Esquivel 2004).   
 The addition of salt to meat can also increase the WHC.  This addition of chloride 
ions to the sarcomere increases the electrostatic repulsion between myofibrillar protein 
molecules, thus increasing the diameter.  This increase in diameter of the myofibrils 
allows for an increase in water binding sites allowing more water to bind and be trapped 
within the sarcomere.  This will then increase the WHC of the product (Offer and Trinick 
1983).  This in return has an effect on antimicrobial activity.  Since more of the water is 
bound to the chloride ions this will decrease the water activity of the product, thus 
reducing water available for microorganisms to use for metabolic functions. 
Sugar 
 Sugar is mainly used in meat products as a flavor enhancement to counter the 
harshness of salt.  Sugar is also used for its browning reaction that enhances the flavor of 
cured meat products (Townsend and Olson 1987).  Turbinado sugar is the second most 
common ingredient used in natural and organic cured meats.  Turbinado sugar is known 
as “raw sugar”.  Turbinado or “raw sugar” is obtained from the evaporation of sugar cane 
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juice followed by centrifugation to remove surface molasses.  The remaining molasses 
left gives turbinado sugar a light brown color and a flavor similar to brown sugar 
(Sebranek and Bacus, 2007b). 
Phosphate 
 Phosphates are commonly used in the meat industry, due to their ability to 
increase the WHC of meat products, thus improving the juiciness and texture of the 
product.  Due to this ability to increase WHC in meat products, phosphates can help 
prevent cooking losses and increase cooking yields (Ranken 2000).  
 The ability of phosphate to increase WHC is due to the effect it has on the pH.  
Alkaline phosphates increase the WHC of the meat by raising the pH of the meat batter 
farther away from its isoelectric point.  This is caused by an increase of negative charges 
on the protein molecules, causing for an electrostatic repulsion between the protein 
molecules.  This repulsion creates wider spaces between the myofilaments creating more 
room for water to bind and be held (Trout and Schmidt 1984).   
Sodium Erythorbate 
Sodium Erythorbate is primarily used in the production of cured meats as a cure 
accelerator and reducing agent.  It facilitates the reduction of nitrite to nitric oxide during 
the curing process, giving cured meat its cured pink color (Romans et al. 2001).  In 
addition, sodium erythorbate can also function as an antioxidant which can slow down 
light induced fading of cured meat products (Mills 2004). 
Sodium Nitrite 
 Sodium Nitrite is widely used in processed meats for its antimicrobial, 
antioxidant, cured meat color and cured meat flavor attributes.  Before modern meat 
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processors and chemists fully understood nitrites role in meat processing, very early 
butchers and meat processors would use saltpeter to help preserve meat products, and 
noticed a pink color would develop in products, when certain types of salt were used.  It 
wasn’t until later chemists discovered it was impurities such as sodium and potassium 
nitrates which were the cause of this.  The nitrate found in saltpeter was being converted 
to nitrite by bacteria, and it was the nitrite giving meat its cured meat color.  (Townsend 
and Olson 1987) 
Besides for cured color and a cured meat flavor, one of nitrites key roles in cured 
meat is as a bacteriostatic and bactericidal agent.  Most importantly, is its role in the 
battle against Clostridium botulinum.  Nitrite is capable of preventing the outgrowth of C. 
botulinum spores in thermally processed and vacuum packaged cured meat products.  
When C. botulinum spores germinate and grow they produce a deadly toxin, and it is this 
toxin which causes deadly botulism poisoning in humans.  Nitrite is capable of 
preventing C. botulinum spore germination (Tompkin 2005; Townsend and Olson 1987). 
II. Natural and Organic Meat Products 
 Natural and organic foods have continued to see explosive market growth 
throughout the world due to increased demand by consumers for these types of products.  
Natural and organic meats have been a significant part of the growth in the United States, 
and are the fastest growing category.  Premiums paid by consumers for natural or organic 
meat products range from 200-300%, over conventionally processed meat products 
(Sebranek and Bacus 2007a).  Reasons for the growth in these markets is due to 
consumer concerns of the use of hormones, pesticides, genetic modifications in plants, 
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antibiotic use, and chemical additives which are associated with conventionally produced 
food products.  Consumers also tend to believe that natural or organic foods are more 
nutritious or safer for them to eat (Bourn and Prescott 2002). 
 So what does there term “natural” mean when it comes to processed meats?  The 
definition is found in the USDA Food Standards and Labeling Policy Book (2005).  
According to the USDA in order for a product to be labeled natural, the product: “does 
not contain any artificial flavor or flavoring, coloring ingredient, or chemical preservative 
(as defined in 21 CFR 101.22), or any other artificial or synthetic ingredient; and the 
product and its ingredients are not more than minimally processed” (USDA 2005).  
According to the USDA the term minimally processed means: “traditional processes used 
to make food edible, preserve it or to make it safe for human consumption, e.g., smoking, 
roasting, freezing, drying, and fermenting, or those physical processes which do not 
fundamentally alter the raw product and/or which only separate a whole, intact food into 
component parts, e.g., grinding meat, separating eggs into albumen and yolk, and 
pressing fruits to produce juices” (USDA 2005).   
 Many products or ingredients used in conventionally processed meats are 
considered artificial flavoring, chemical preservatives, or are more than minimally 
processed.  These ingredients include things like: phosphate, lactate, diacetate, sodium 
erythorbate, citric acid, and binders like soy proteins or starches.  Ingredients such as 
these usually have a dual function, which may be: microbial inhibitor, flavor, antioxidant, 
binding agents, and textural properties.  Meat processors are then left with finding a way 
to make natural meat products with the same characteristics as conventionally produced 
products.  There are different ingredients which are still considered natural and will 
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partially replace preservative and functional properties of ingredients considered 
chemical additives.  These natural ingredients include: sea salt, raw sugar (turbinado 
sugar), vegetable powders, fruit juices (lemon juice), sodium bicarbonate, vinegar (acetic 
acid), carrageenan (seaweed), honey, spices, extracts, and food starter cultures.  Modified 
processing techniques are also used in order to get the same results.  These techniques 
may include longer mixing and tumbling times to achieve proper salt extraction of 
myofibrillar proteins, and penetration of ingredients into the meat proteins (Bacus, 2007). 
 There is ongoing controversy and dilemma regarding the distinction between an 
artificial ingredient or chemical preservative, and a natural ingredient or natural 
preservative, as well as with the term “minimally processed.”  Different chemicals which 
are found in nature are identical to their synthetic counterparts and function similarly 
when added to meat products.  For example, sodium lactate is found in nature, but is not 
permitted in natural meat products because the USDA considers it a chemical 
preservative.  Vinegar (acetic acid), baking soda (sodium bicarbonate) cane sugar 
(sucrose) and common salt (sodium chloride) are all found in nature and are permitted to 
be used in natural meat products by the USDA.  Common vinegar, sugars and salt are 
exempt from the definition of chemical preservative and have been used for centuries.  
The term “natural” does not refer to the actual meat portion of the product because all 
meat is considered natural, regardless whether the animal was raised with antibiotics or 
hormones.  Many different meat processors have used various combinations of natural 
and organic with voluntary claims to promote their products.  There is however no 
scientific data to prove that natural or organic products are any healthier than their other 
conventionally produced products (Bacus 2007, Sebranek and Bacus 2007 b).   
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III. Organic Acids and Organic Acid Salts 
 Organic acids have a long history of being used by the food industry as either 
additives and/or preservatives for preventing food deterioration and extending the shelf 
life of perishable food and food ingredients.  Organic acids are also used to control 
microbial contamination and dissemination of foodborne pathogens in pre-harvest and 
postharvest food production and processing. (Ricke 2003)  The most common organic 
acids which are added to meat products include acetic (vinegar), citric (lemon juice), 
lactic, and malic which may be added as acids or salts of the acid.  Organic acids are 
capable of exhibiting bacteriostatic and bactericidal properties depending on the 
physiological status of the organism and the characteristics of the external environment.  
(Davidson, 2001)  The antimicrobial action of these acids is their ability to reduce the pH 
in the water phase of foods.  Weak lipophilic organic acids (acetic, propionic, sorbic, 
benzoic) work by penetrating the cell membrane in the undissociated form to either 
inhibit growth of the microorganism or cause death by dissociating and acidifying the 
cytoplasm of the microorganism (Samelis and Sofos, 2000).  These work to kill the 
bacteria because bacteria must maintain a near neutral pH cytoplasm to sustain functional 
macromolecules.  The export of these excess protons requires consumption of cellular 
adenosine triphosphate (ATP) and can result in the depletion of cellular energy.   
 Another theory to the toxicity of organic acids to bacteria is the membrane 
uncoupling capabilities of these acids.  It is speculated that these acids interfere with 
cytoplasmic membrane structure and membrane proteins so that electron transport is 
uncoupled and ATP production is reduced. This in return, dissipates the pH and electrical 
gradients across cell membranes (Davidson, 2001).   
20 
 
 The bacteriostatic or bactericidal effectiveness of any organic acid in a food 
depends on the type of acid used, concentration used and method of application.  
Effectiveness is and can also be affected by water activity, pH of the food, temperature, 
oxygen level, fat content and other antimicrobials, such as salt and nitrite.  Other factors 
include the number and types of microorganisms present and their metabolic activity.  
Effectiveness is usually enhanced at a low pH and when organic acids are used with other 
ingredients or processes used to help inhibit or control the growth of microorganisms, 
also known as hurdle technology (Knipe 2009, Samelis and Sofos 2000). 
 Over the past decade there has been an increase in the number studies done to test 
the antimicrobial effectiveness of organic acids or their salts in controlling 
microorganisms in ready to eat meat products.  Samelis et al. (2002) studied the control 
of Listeria monocytogenes with combined antimicrobials after post process 







) on the surface after slicing and then vacuum 
packaged.  Samples were stored at 4°C for up to 120 days and periodically analyzed for 
pH and microbial growth.  Sodium lactate when used alone at 1.8% and 3% levels 
inhibited the growth of L. monocytogenes for 35 to 50 days.  When used in combination 
with 0.25% sodium acetate or sodium diacetate, microbial growth was inhibited 
throughout the 120 day storage.  In addition, there was no significant difference (P > 
0.05) on cooking yield and aw between the frankfurters with antimicrobials and the 
control (without antimicrobials).  The pH of the frankfurters decreased (P< 0.05) when a 
combination of sodium lactate with sodium diacetate or GDL were used, in the 
formulation, but not with sodium lactate alone (Samelis et al. 2002) 
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 Geornaras et al. (2005) studied the control of L. monocytogenes in bologna and 







) post slicing and then immersed for 2 minutes in a 
2.5% acetic acid, 2.5% lactic acid, or 5% potassium benzoate solutions, vacuum 
packaged and stored at 10°C for 48 days.  Microbial analysis and sensory were also 
performed on samples that were not inoculated, with the same treatments.  Initial 
reductions (day 0) of L. monocytogenes ranged from 0.4 to 0.7 log CFU/cm
2.  
Bacterial 
inhibitory and even bactericidal effects were observed on all treatments by the end of the 
storage period.  Populations of L. monocytogenes were reduced by 0.7 to 1.0 log 
CFU/cm
2
.  As would be expected the organic acid treatments reduced the pH from 1.31 
to 1.41 units for bologna samples and 1.75 to 2.12 units for ham samples.  Sensory 
evaluations for mean color, flavor, and overall acceptability were 0.8 to 1.9 lower (P< 
0.05) for the treated samples compared to the control.   
 When using organic acids one can usually expect for there to be a reduction in the 
product pH.  As discussed earlier with a reduction in pH and becoming closer to the 
meats isoelectric point there is a loss of WHC due to the space between the myofibrils.  
Organic acids can then have an effect on cooking yields of products.  Sammel and Claus 
(2003) studied the effects of citric acid and sodium citrate on reducing pink color defect 
of cooked intact turkey breasts and ground turkey rolls.  Citric acid was used in 
formulations at 0.1%, 0.2% and 0.3% levels where as sodium citrate was used at a 1.0% 
level.  Citric acid at all three levels and sodium citrate reduced the pH (P < 0.05) across 
all treatments, from 6.30 (control) to 6.17, 6.02, 5.85 respectively for citric acid and 6.24 
for sodium citrate.  The change in pH with sodium citrate was minimal and had no impact 
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on cooking yield when compared to the control (P > 0.05).  Citric acid however 
decreased cooking yield (P < 0.05) when used at the 0.2% and 0.3% levels.    In a similar 
study by Kieffer et al. (2000), citric acid was tested at the 0.3% level to help inhibit the 
pink color development in cooked uncured ground turkey, it was found to eliminate or 
reduce (P < 0.05)  the pink color defect.  It was hypothesized by Kieffer et al. (2000) that 
the diminished pink color may be due to citric acid binding to myoglobins hemme iron, 
or the acidic environment may along prevented the pink color formation.  However it also 
lowered (P < 0.05) the pH and increased (P < 0.05) cooking loss of the product when 
compared to the control.      
With the demand for natural products from consumers, meat processors need to 
develop products which have “clean labels” i.e., products which do not contain 
ingredients that can be classified as chemicals (lactate, citrate, etc.).  Processors wishing 
to make “natural” products must also refrain from using ingredients such as nitrites and 
phosphates, as these ingredients are not considered “natural”.  These ingredients help 
with the functionality of the product and the safety.  There is a need then to find 
ingredients which can be in the definition of a clean label, all the while providing 
functional and antimicrobial properties to ensure a safe product.  Processors have been 
using ingredients to meet these challenges such as fruit juice concentrates (lime and 
lemon juices) and vinegar (a natural source of acetic acid) (Valenzuela-Martinez et al. 
2010). 
One product that meets these requirements is a commercial product called 
MOstatin LV1X (World Technology Ingredients in Jefferson, GA).  According to the 
description on the product info sheet, MOstatin LV1X is an all natural blend of vinegar 
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and lemon juice concentrate designed to enhance the organoleptic properties of foods 
while inhibiting a broad spectrum of bacteria, yeast and molds.  MOstatin LV1X 
increases the water holding capacity of muscle protein systems.  At higher 
concentrations, its slight citric taste can enhance the natural flavors of meats, fish, poultry 
and vegetables.  It has a recommended usage rate of 0.25-2.50% of finished product 
weight and the recommended usage rated for listeria inhibition is 2.3-2.5% of the finished 
product weight.  It is a buffered solution which may be in the pH range of 5.55-5.85 
(World Technology Ingredients 2009). 
Only a few published articles exist on the use of these natural antimicrobials that 
can fall into the “clean label” category.  Martinez, et al. (2010) studied the inhibition of 
Clostridium perfringens spore germination and outgrowth by buffered vinegar and lemon 
juice concentrate during chilling of ground turkey roast containing minimal Ingredients.  
MOstatin V (buffered vinegar) and MOstatin LV1X (blend of buffered vinegar and 
lemon juice concentrate) were used in the study.  Formulations were sea salt (1.5%), 
turbinado sugar (0.5%) and various concentrations of MOstatin V (0.75, 1.25, or 2.5%) or 
MOstatin LV1X (1.5, 2.5, or 3.5%), along with a control (without MOstatin).  It was 
found that MOstatin V (2.5%) and MOstatin LV1X (3.5%) were effective in inhibiting C. 
perfringens spore germination and outgrowth to <1.0 log CFU/g during abusive chilling 
of the product within 21 hours.  MOstatin LV and MOstatin V at the varying levels were 
found to reduce (P< 0.05) the pH of the final ground turkey roast except for MOstatin LV 
at the 1.5% level.  
Hofing et al. (2008) studied the use of MOstatin V and MOstatin LV to control 
the growth of L. monocytogenes in uncured roast beef.  They found that both were shown 
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to allow less than 0.5 log CFU/g growth of L. monocytogenes over 120 days of storage at 
4°C.  More studies need to be done with the use of these natural antimicrobials and their 
affects on microorganism growth, especially with Clostridium perfringens and Listeria 
monocytogenes in ready to eat meat products.  Studies are also needed to evaluate the 
effects on meat quality, as consumers growing demand for products with “clean labels” is 
increasing. 
IV. Listeria monocytogenes 
 Listeria monocytogenes was first discovered and given its first complete 
description of the bacteria in 1926, which it was found to be causing disease in rabbits 
and guinea-pigs (Murray et al. 1926).  However it was not widely recognized or 
appreciated to cause illness in humans until the early 1980’s.  Listeria is a small regular 
Gram-positive rod with rounded ends, and the cells are found as single units or in short 
chains.  Sometimes, cells maybe coccoid (spherical in shape) and can be confused with 
streptococci.  Listeria are motile from its peritrichous (having flagella around the entire 
body surface) flagella when cultured at 20 to 25°C and not or very weakly motile at 
37°C.  Listeria grows well on most commonly used bacteriological media.  The growth 
rate is increased in the presence of fermentable sugar, especially glucose (Baird-Parker et 
al. 1996, Rocourt and Buchrieser 2007). 
Listeria monocytogenes optimal growth temperature range is from 30-37°C, but it 
can grow between 0 and 45° C.  It can be found in many different environments including 
soil, water, vegetation, sewage, animal feeds, farm environments, and food processing 
environments.  L. monocytogenes, is found in a wide variety of environments however, 
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foodborne exposure seem to be the most common of infection in humans which usually 
come from contaminated ready-to-eat foods.  Food contamination incidences are often 
tracked back to post-processing contamination in food processing plants.  L. 
monocytogenes is able to survive in food processing plants in floor drains, pasteurizers, 
air ducts, and any type of processing equipment.  This wide array of places it can grow 
generally increases the likelihood of post-processing contamination of food products. 
Contaminated raw animal-based agricultural products as a direct source of contamination 
are very minimal because commercially applied heat treatments to meat products 
generally kill L. monocytogenes effectively enough to provide appropriate safety 
(Saunders and Wiedmann 2007). 
 L. monocytogenes is relatively resistant to processing compared to other non-
spore forming bacteria.  Most processors consider L. monocytogenes the primary 
pathogen of concern in ready-to-eat and minimally processed products.  Thermal 
inactivation of L. monocytogenes is one of the first steps processors can use.  Heating this 
microorganism to temperatures above 56°C causes ribosomal damage, protein unfolding, 
and denaturation, and consequently enzyme inactivation.  Ribosomal damage is believed 
to be the main cause of vegetative bacteria death.  Food composition can protect L. 
monocytogenes against heat.  Resistance to mild heat increases with food’s pH, fat 
content, salt concentration, freedom from antimicrobials.  Different strains of L. 
monocytogenes can also vary in heat resistance (Lado and Yousef 2007). 
 Acidity is another important factor to consider when looking at the growth and 
survival of L. monocytogenes.  L. monocytogenes optimally grows at a pH close to 
neutrality, but has a range from 4.0 to 9.6.  When the pH decreases to below 6.5 the lag 
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phase and generation time increase considerable.  Other factors such as water activity of a 
product also play an important role in the growth and survival of L. monocytogenes.  
Water activity (aw) is the availability of moisture for microbial growth; low water 
activity, decreases turgor pressure in a bacterial cell.  It is this decrease in turgor pressure 
which inhibits bacterial growth.  Again as with most bacteria L. monocytogenes grows 
optimally at aw ≥0.97.  L. monocytogenes is capable of growth and aw values as low as 
0.90.  Lag phase and generation time increase as the water activity medium decreases.  
Even though L. monocytogenes does not grow at aw< 0.90, it can survive in environments 
like this for long periods of time, especially under refrigeration.  The use of salt in 
products will also help in the control of L. monocytogenes because salt decreases the 
water activity and electrochemical potential across the cell membrane (Lado and Yousef 
2007).   
Listeriosis 
 Listeriosis is a serious infection caused by eating food contaminated with Listeria 
monocytogenes.  It is estimated in the United States there are 2,500 Listeriosis cases per 
year and 500 die.  Certain groups of people are at more of a risk than others such as 
pregnant women who are about 20 times more likely than other healthy adults to get 
listeriosis (CDC, 2009).  Pregnant women who become infected may experience 
stillbirth, premature delivery, neonatal infection, and even fetal loss.  L. monocytogenes 
is capable of crossing the placental barrier (Painter et al. 2007).  Other people at risk 
include persons with weakened immune systems, cancer, diabetes, kidney disease, AIDS, 
persons who take glucocorticosteroid medications, and elderly (CDC, 2009) 
27 
 
 People who become infected with L. monocytogenes may develop bacterial 
meningitis, sepsis, or meningoencephalitis.  Symptoms from these can include fever, 
fatigue, malaise, abdominal pain, nausea, headache, stiff neck, confusion, loss of balance, 
and even convulsions can occur (CDC, 2009, Painter and Slutsker 2007)  Infected 
individuals are treated with high doses of amoxicillin I.V. three to four times a day with 
an additional dose of gentamicin for non-pregnant  adults.  Treatment may range from 
two to four weeks, depending on the level of infection (Painter and Slutsker 2007).  
According to the CDC, general recommendations to reduce your risk of listeriosis 
include: thoroughly cook raw food from animal sources, such as beef, pork and poultry, 
wash raw vegetables thoroughly before eating, and keep uncooked meats separated from 
vegetables and cooked ready-to-eat foods, consume perishable and ready-to-eat foods as 
soon as possible (CDC, 2009). 
V.  Effects of Mixing Time 
 Mixing time is an important aspect to consider when making restructured meat 
products.  Mixing has two purposes when making restructured meat product.  The 
mechanical action will enhance protein extraction which contributes to the final texture of 
the product. The mixing action of the paddles will break the structure of muscle cells, 
which will cause a release of intracellular components.  This will expose a greater 
amount of salt soluble proteins to be extracted.   Mixing will also help distribute non-




 Mixing time can affect other factors in meat processing such as water holding 
capacity (WHC), cooking yields, texture or tenderness of the final product, and sensory 
attributes.  Pepper and Schmidt (1975) found that increasing mixing time of 5, 10, and 20 
minutes, increased (P< 0.05) cooking yields, and increased binding strength in 
restructured beef rolls.  Mixing time did not have an effect on proximate analysis. 
 Booren et al. (1981a) studied sectioned and formed beef steaks; it was found that 
there was an increase in tenderness measured with Lee-Kramer shear.  Mixing times of 0, 
8, 16, and 24 minutes were used.  Kramer shear force values decreased (P < 0.05) as 
mixing time increased.  Percent fat also decreased (P < 0.05) as mixing time increased 
and was explained that fat accumulated on the side of the mixer as mixing progressed.  
Cooking loss was also found to be significant (P < 0.05), with mixing for 24 minutes 
being less than 0, 8, and 16 minutes.  Sensory attributes of initial tenderness, juiciness, 
flavor and overall tenderness were also tested.  The mixing time of 8 minutes was rated 
higher (P < 0.05) than 0, 16, and 20 minutes of mixing.  No differences were found for 
juiciness, flavor and overall tenderness. 
 Booren et al. (1981b) studied the effect of muscle type and mixing time on 
sectioned and formed beef steaks with the mixing times of 0, 6,  12, and 18 minutes.  
Moisture, protein, fat and ash remained constant over the mixing times and were not 
significant.  Again mixing time improved tenderness or Kramer shear values (P < 0.01) 
by 20% after 18 minutes, and an 8% improvement occurred after 6 minutes of mixing.  
Cooking yield also increased (P < 0.01) over time.  With the sensory evaluation, juiciness 
was found to be significant (P < 0.05), which would agree with the cooking yield results.  
No significance was found with respect to flavor and tenderness.  
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 Noble et al. (1985) reported mixing times of 5, 10, 15, and 20 minutes had no 
effect (P > 0.05) on cooking loss of restructured steaks.  Mixing time did effect  (P < 
0.05) tenderness, texture desirability and overall palatability in a sensory evaluation.  
Juiciness was the only attribute not affected by mixing time.  Restructured steaks from 20 
minutes of mixing were less tender and less desirable (P < 0.05) than steaks made from 
meat which was mixed for 10 minutes or less.  This data suggests that restructured steaks 




MATERIALS AND METHODS – STUDY 1 and 2 
Raw Meat Materials Study 1 
About 90 kg of boneless, frozen, skin-on turkey breasts were used from tom 
turkeys which were harvested at the University of Nebraska-Lincoln’s Loeffel Meat 
Laboratory, and about 100 kg of boneless, frozen, inside beef rounds were used from the 
Loeffel Meat Laboratory.  The turkey breasts and inside beef rounds were tempered and 
held at 3°C for four to six days until processing.  The skin and any removable fat, 
connective tissue and tendon were removed from the turkey breast by hand with a knife 
prior to processing, and the cap muscle, fat, and any visible connective tissue were 
removed from the inside beef rounds. On the day of production, the meat was ground 
using a Hobart Grinder (Model #4732, Hobart MFG. Co., Troy OH) with a ¾” plate.  
Approximately 27 kg of breast meat and 32 kg of inside round was ground on each day 
prior to production. 
Raw Meat Materials Study 2   
      About 70 kg of boneless, frozen, inside beef rounds were used from the 
University of Nebraska-Lincoln’s Loeffel Meat Laboratory, and about 70 kg of boneless, 
frozen skin-on turkey breasts were purchased from Lincoln Poultry in Lincoln, NE.  The 
inside beef rounds and turkey breasts were tempered and held at 3°C for four to six days 
until processing.  The cap muscle, fat, and any visible connective tissue were removed 
from the inside rounds and the skin, any removable fat, connective tissue and tendon 
were removed from the turkey breasts by hand with a knife prior to processing.  On the 
day of production, the inside rounds and turkey breasts were ground using a Hobart 
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Grinder (Model #4732, Hobart MFG. Co., Troy OH) with a ¾” plate.  Approximately 19 
kg of inside round and turkey breast meat was ground on each day prior to production. 
Brine Solution Preparation  
 Prior to production, dry ingredients for the two different brines were weighed out 
separately. Tap water and a blend of buffered vinegar and lemon juice concentrate (LV) 
solution (MOstatin LV1X, World Technology Ingredients, Inc. Jefferson, GA) were 
weighed out prior to mixing.  The order of ingredients to be dissolved for the control 
brine were: tap water, natural sea salt (Griffith Laboratories, Alsip, IL), and turbinado 
sugar.   The order of ingredients for the antimicrobial brine was: tap water, sea salt, 
turbinado sugar and LV.  The formulation for the control treatment was held constant, 
with the water weight being adjusted to achieve approximately .571 kg of added brine for 
each treatment to achieve an 18% added solution.  The percentage of ingredients in the 
LV formulation include: 1.5% sea salt, 0.5% turbinado sugar, and 2.5% LV for study one 
(Appendix A) and 1.5%, 2.5%, 3.5% LV in study two (Appendix B).  Brines were mixed 
in a plastic container with a whisk until all ingredients were dissolved, and the LV had 
been thoroughly incorporated.   
Restructured Turkey and Beef Roll Production  
 The brine and meat were added directly into a Mainca mixer (Model # RM-20, St. 
Louis, MO).  For study 1 both the control brine and LV were mixed at different mixing 
times (5, 10, 15, 20 minutes for turkey) (2.5, 5, 10, 15, 20 minutes for beef).  For study 
two there was one control and three levels of LV (1.5%, 2.5%, and 3.5%).  In study two 
each treatment was mixed 10 minutes for beef and 20 minutes for turkey.  The controls 
were made first, followed by the LV treatments.   Once each mixing time was achieved, 
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the meat was unloaded from the mixer and loaded into a DICK hand stuffer.  The meat 
was stuffed equally into two 2.5 cm fibrous casings.  The casings were squeezed to 
remove air and clipped using a Tipper Clipper (Model # PR465L, Tipper Tie, Inc., Apex, 
NC).  The turkey and beef rolls were weighed and loaded onto a smokehouse truck.  
Once all the treatments were made, the turkey rolls were cooked to an internal 
temperature of 74°C and the beef rolls were cooked to an internal temperature of 60°C 
and held for twelve minutes in order to meet the guidelines set by Appendix A USDA 
(1999) of a  6.5 or 7.0 log10 reduction of Salmonella. Once the cooking cycle was 
complete, the turkey and beef rolls were placed into a 2°C cooler and held to the 
following day.  The following day the rolls were weighed to determine cooking yield. 
Slicing and Packaging Procedures 
 After the casing was removed, the rounded end piece was cut off and discarded. 
Thirteen, 13mm slices were then cut from the rolls using a slicer (Model # SE12, Bizerba, 
Balingen, Germany).  The slices were then assigned to different analysis (see Appendix 
C).  The slices were then packaged in a 20.3 cm X 25.4 cm vacuum bag, labeled and 
vacuum-packaged using a Multivac (Model #C500, Sepp Haggenmuller GmbH and Co. 
KG, Wolfertschwenden, Germany).  The bags were then sorted into tubs, and the samples 
for color analysis were covered with a black plastic bag to minimize the exposure to light.  
The remaining turkey or beef rolls which were not sliced were vacuum packaged were 
held and sliced the day of the taste panel.  All samples were then stored in a 3°C cooler 
until they were analyzed.  Qualitative analyses procedures lasted up to 28 days with day 0 
starting on the day the turkey or beef was sliced and packaged. 
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   Smokehouse Yield 
 Pre-cooked weights were taken following the clipping of the casing.  Post-cook or 
chilled weights were taken approximately 24 hours following the cooking cycle.  The 
following calculation was used to determine smokehouse yield: 
Smokehouse Yield (%) = [1-(pre-cook weight-chill weight)] x 100 
             pre-cook weight 
   Proximate Analysis 
  Two cooked slices from day 0 were cut into small pieces, immersed in liquid 
nitrogen and powdered using a Waring Blender (Model #700S, Waring Commercial, 
Torrington, CT).  The samples were bagged, labeled and stored in a -80°C freezer until 
analyzed for proximate composition and pH.  Analysis was conducted using AOAC 
(1990) methods for moisture, ash, and fat. 
     I.  Moisture and Ash 
 Duplicate samples of each treatment were used to determine moisture and ash 
percentages.  Procedures for moisture and ash can are found in Appendix D. 
     II. Fat 
 One filter paper, one paper clip, and 2 grams of powdered sample were weighed 
and the weight recorded.  The filter paper was folded and paper clipped.  Samples were 
then put through the Soxhlet Method (Appendix E) for fat extraction.  Samples were 
analyzed in triplicates and reported as a percentage.   
     III. Protein 




 The pH was taken from the fresh ground meat for each treatment prior to adding it 
to the mixer.  The pH of the brine was also taken, and the final mixed product pH was 
taken after each treatment was removed from the mixer.  These pH values were obtained 
by inserting an Orion PerPHect Electrode with Ross pH Spear Tip (Thermo Electron 
Corporation, Beverly, WA) into the ground meat, brine solution after it was fully mixed, 
and brine solution and meat after mixing.  The pH of the cooked product was taken from 
the powdered sample which was also used to determine proximate analysis.  Ten grams 
of powdered sample was mixed with 90 ml of distilled water in a plastic beaker.  The 
mixture was blended with a polytron.  Once blended thoroughly the plastic beaker was 
placed on a Barnstead Thermolyne stir plate and a magnetic stir rod placed in the beaker.  
The mixture was stirred while the pH reading was taken with the pH probe and meter. 
Color Analysis 
 A HunterLab Lab Scan 2 0/45 (SN-13708, Hunter Associates Laboratory, Inc., 
Weston, VA) was used to determine L* (lightness), a* (redness), b* (yellowness) of the 
turkey or beef slices.  The slices were analyzed with a 2.54 cm port, D65 illumination, 
and 10° standard observer.  A standardized white tile and black tile, both placed into a 
vacuum bag, were used to calibrate the HunterLab.  Three readings were taken from each 
slice and L*, a*, b* were averaged for that slice.  Readings were taken on day 0 and 28.  
Lee-Kramer Shear Force 
 Two slices from each treatment were used for shear force measurements.  Each 
slice was cut into a 4.0 cm x 4.0 cm square and analyzed using the Lee-Kramer Shear 
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Force test on an Instron Universal Testing Machine.  Shear force was tested on day 0 and 
28, and was evaluated by the peak force (N) and total energy (J). 
Double Compression Analysis 
 Texture profile analysis was conducted following the procedures developed by 
Bourne (1978).  Two 13mm slices from each treatment were cut into two 4.0 cm x 4.0 cm 
pieces.  Each piece was compressed to 75% of its original height two times.  An Instron 
Universal Testing Machine was used, fitted with a 14 cm double compression plate 
attachment.  Calculations achieved from this were hardness, cohesiveness, gumminess, 
springiness, and chewiness.  The two samples from each treatment were averaged and 
recorded.  A 500-kg load cell was used and the Instron was programmed with a crosshead 
speed of 50 mm/minute.  The attributes listed below were determined according to 
Bourne (1978). 
Hardness = the peak force during the first compression cycle measure in kilograms of 
force (kgf). 
Cohesiveness = the ratio of the positive force area during the second compression to that 
during the first compression (compression two/compression one) 
Springiness = the height the food recovers during the time that elapses between the end 
of the first compression and the start of the second compression.  (Measured in mm) 
Gumminess is calculated as the product of hardness x cohesiveness. 
Chewiness is calculated as the product of hardness x cohesiveness x cohesiveness x 
springiness (springiness x gumminess) 
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Sensory Consumer Panels 
 Sensory analysis for the consumer panel was conducted at the UNL Food Industry 
Complex.  The consumer panel was composed of staff and students from the Food 
Science and Technology and Animal Science Departments.  Sensory panels occurred 
approximately 28 days after production.  Panels were held for one hour at either 10:00 
a.m. or 2:00 p.m.  On each morning prior to the panels, the turkey rolls which were 
vacuum packaged on day 0 after slicing were sliced to a thickness of 6.5mm, vacuum 
packaged and taken to the UNL Food Industry Complex.  Slices were then cut into 
quarter sections, and placed into a previously labeled cup with a three digit number.  The 
samples were covered with Saran
TM
 wrap and placed in a refrigerator until needed.  
Panelists were served one sample at a time and asked complete a number of questions on 
a survey (Appendix F and G).  Panelists were given room temperature water and unsalted 
crackers to cleanse their palate between samples. 
Statistical Analysis 
 An analysis of variance (ANOVA) using the GLIMMIX procedure of SAS (SAS 
Version 9.1, Cary, NC, 2002) was used to analyze the data. Cook yields, pH, proximate 
analysis, Lee Kramer Shear values, double compression values, and color (L*, a*, b*) 
were analyzed as randomized complete block designs (RCBD).  Blocking factors 
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The effect of mixing time on the quality of roast beef and turkey rolls formulated with or 
without buffered vinegar and lemon juice was evaluated.  Oven roasted turkey and roast 
beef treatments were formulated with 1.5% sea salt, 0.5% turbinado sugar and 0% 
(control) (C) or 2.5% buffered vinegar and lemon juice (LV), producing products with 
reduced ingredients and ingredients acceptable for natural labeling by USDA.  During 
processing, turkey products were mixed for 5, 10, 15, or 20 min, and beef was mixed for 
2.5, 5, 10, 15, and 20 min.  Mixing time had no effect on cooking yield of either turkey or 
beef rolls.  As mixing time increased, L* (lightness) values increased (P < 0.05) for beef 
and turkey, and a* (redness) values decreased (P < 0.05) for beef rolls.  Twenty minutes 
of mixing made the beef product springier (P < 0.05) than 2.5, 5, and 15 minutes.  
Consumer sensory panels rated beef mixed for 20 minutes tougher and drier (P < 0.05) 
than 2.5, 5, and 10 min mix time.  Beef rolls with 2.5% LV had a greater (P < 0.05) 
cooking yield than C.  Beef and turkey HunterLab L* and a* values were lower (P < 
0.05) for LV treatments versus C.  LV treated turkey samples were rated higher (P < 
0.05) for sweetness, saltiness, tartness, and lingering of aftertaste by sensory panels and C 
had a higher (P < 0.05) turkey flavor rating.  Beef LV treatments were rated higher (P < 
0.05) for sweetness, tartness, lingering of aftertaste and overall flavor.  An interaction (P 
< 0.05) between mixing time and treatment was found for b* values and hardness for 
beef slices.  Mixing time can affect color and texture.  Increasing mixing time, makes the 
final product lighter in beef and turkey, and decreases redness in beef.  Mixing beef for 
more than 15 minutes can make the product tougher and drier. The affect LV has on final 
product redness, needs to be considered when making beef products. 
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Consumers are demanding processed meat and poultry products that are classified 
as organic, or natural with commonly recognized ingredient lists (Bacus 2007, Sebranek 
and Bacus 2007a, 2007b).  In addition, the reduction of foodborne illness is an important 
public health challenge.  Because ready-to-eat processed meat products can be 
contaminated with Listeria monocytogenes during post lethality processing, the USDA 
has established regulations for processors to control Listeria monocytogenes 
contamination (9 CFR 430, Code of Federal Regulations 2010).  As a result, to comply 
with regulations and to reduce the risk of L. monocytogenes, processors are including 
antimicrobial ingredients in product formulations.  Some of these ingredients meet 
requirements for natural or organic labeling.  The ideal manufacturing procedures for the 
use of these ingredients needs to be better understood to produce safe and high quality 
ready to eat products. 
Organic acids or organic acid salts like sodium acetate, sodium diacetate, sodium 
citrate, and sodium lactate used in formulations have been reported to have an impact on 
final product quality.  These acids or acid salts, can negatively impact important factors 
such as cooking yield, color, and sensory attributes, but they can also positively affect 
finished product traits such as flavor and overall desirability for consumers (Barmpalia et 
al. 2004, Geornaras et al. 2005, Lloyd et al. 2009, Poovey 2007, Samelis et al. 2002, and 
Zhu et al. 2005). 
A solution of buffered vinegar and lemon juice is used by processors making 
“natural” products to meet Alternative 1 or Alternative 2 as defined by the USDA-FSIS 
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(9 CFR 430, Code of Federal Regulations 2010).  Hofing et al. (2008), Valenzuela-
Martinez et al. (2010), and Glass et al. (2010) have shown that “natural” antimicrobials 
such as buffered citric acid, acetic acid, or a mixture of the two can control the growth of 
pathogens like L. monocytogenes and C. perfringens. These ingredients qualify for 
“natural” according to the USDA (2005).  
 Mixing time is an important aspect to consider when making restructured meat 
products.  Mixing serves two purposes, (i) mixing will help distribute non-meat 
ingredients evenly throughout the product, and (ii) the mechanical action will enhance 
protein extraction which will contributing to the final texture of the product.  The mixing 
action of the paddles breaks the structure of the muscle cells, which causes a release of 
intracellular components, and exposes a greater amount of salt soluble proteins to be 
extracted (Addis and Schanus 1979, Maesso et al. 1970).  Pepper and Schmidt (1975) 
reported increasing mixing times of 5, 10, 15, and 20 minutes, increased (P < 0.05) 
cooking yields and increased binding strength in restructured beef rolls.  Booren et al. 
(1981a, 1981b) reported cooking yield increased and Lee Kramer shear values decreased 
(P < 0.05) as mixing times increased in restructured beef steaks.  Noble et al. (1985) 
found no effect on cooking yield as mixing times increased, but found that tenderness, 
and overall palatability (P< 0.05) in sensory evaluation decreased as mixing times 
increased.  However, limited research has been published evaluating the effect of mixing 
time on the quality of products containing natural antimicrobials. 
 The purpose of this study was to evaluate the length of mixing time on processed 
meat quality of beef and turkey rolls formulated with or without a commercial blend of a 




MATERIALS AND METHODS 
 
 Different mixing times were used for turkey (5, 10, 15, 20 minutes) and beef (2.5, 
5, 10, 15, 20 minutes), as preliminary data suggested beef required less mixing time.  
Two treatment brines were made with the addition of a commercial blend of buffered 
vinegar and lemon juice concentrate (LV) solution (MOstatin LV1X, World Technology 
Ingredients, Inc., Jefferson, GA) at the 2.5% level and a control (0% LV).  Each 
treatment was replicated three times on three different production days. 
Raw Meat Materials   
About 90 kg of boneless, frozen, skin-on turkey breasts were used from tom 
turkeys, and about 100 kg of boneless, frozen, inside beef rounds were used from the 
Loeffel Meat Laboratory.  The turkey breasts and inside beef rounds were tempered and 
held at 3°C for four to six days until processing.  The skin and any removable fat, 
connective tissue and tendon were removed from the turkey breast.  The cap muscle, fat, 
and any visible connective tissue were removed from the inside beef rounds. On the day 
of production, the meat was ground using a Hobart Grinder (Model #4732, Hobart MFG. 
Co., Troy OH) with a ¾” plate.  Approximately 27 kg of breast meat and 32 kg of inside 
round was ground on each day prior to production. 
Brine Solution Preparation  
 Prior to production, dry ingredients for turkey or beef were individually weighed.  
Water and LV solution were weighed immediately prior to brine mixing.  The order of 
ingredient addition to the brine was: water, natural sea salt (Griffith Laboratories, Alsip, 
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IL), and turbinado sugar (Griffith Laboratories, Alsip, IL). Ingredients for the LV brine 
were the same with LV added last.  The total weight of each formulation was held 
constant for 18% added ingredients to the meat block by adjusting the water weight as the 
percent of LV in the solution increased.  The percentage of ingredients in the formulation 
include: 1.5% sea salt, 0.5% turbinado sugar, and 0% or 2.5% LV.  Brines were mixed in 
a plastic container with a whisk until all ingredients were dissolved, and LV had been 
thoroughly incorporated.  
Restructured Turkey and Beef Roll Production  
 The meat and brine were added directly into a mixer (Mainca Model # RM-20, St. 
Louis, M)).  The control brine and LV brine were mixed at varying mixing times (5, 10, 
15, 20 minutes for turkey) (2.5, 5, 10, 15, 20 minutes for beef).  Controls were made first, 
followed by the LV treatments.   When mixing time was achieved the meat was hand 
stuffed equally into two 2.5 cm fibrous casings.  The casings were squeezed to remove air 
and clipped using a Tipper Clipper (Model # PR465L, Tipper Tie, Inc., Apex, NC).  The 
turkey and beef rolls were weighed and loaded onto a smokehouse truck.  The turkey 
rolls were thermally processed to an internal temperature of 74°C for fully cooked status, 
while the beef rolls were thermally processed to an internal temperature of 60°C with a 
holding time of twelve minutes to achieve a medium rare degree of doneness and to meet 
Salmonella lethality guidelines (Appendix A, USDA 1999).  After thermal processing, 
turkey and beef rolls were cooled in a 2°C cooler for approximately 24 hours.   
Slicing and Packaging Procedures 
 After the casing was removed, the rounded end piece was cut off and discarded. 
Thirteen, 13 mm slices were then cut from the rolls using a slicer (Bizerba Model # SE12, 
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Bizerba, Balingen, Germany), and assigned to different analysis.  Slices were then 
packaged into a 20.3 cm x 25.4 cm vacuum bag, labeled and vacuum-packaged using a 
Multivac (Model #C500, Sepp Haggenmuller GmbH and Co. KG, Wolfertschwenden, 
Germany).  The remaining turkey or beef rolls which were not sliced were vacuum 
packaged and held at 3°C for later taste panel analysis after 28 days of storage.  
Final Product Qualitative Analyses 
   Smokehouse Yield 
Smokehouse yield was calculated using the following formula. 
Smokehouse Yield (%) = [1-(pre-cook weight-chill weight)] x 100 
          pre-cook weight 
   Proximate Analysis 
Analysis was conducted using AOAC (1990) methods for moisture, ash, and fat.  
Protein was found by difference. 
pH 
 The pH values were obtained by inserting a pH spear tip (PerPHect Electrode 
with Ross pH Spear Tip, Thermo Electron Corporation, Beverly, WA) into the ground 
meat, mixed brine solution, and meat before stuffing.  The pH of the cooked product was 
taken from a powdered sample.  Ten grams of powdered sample was weighed and mixed 
with 90 ml of distilled water in a plastic beaker.  Once thoroughly mixed, the pH of the 
cooked sample was measured. 
Objective Color Analysis 
 A HunterLab Lab Scan (Model # 2 0/45 SN-13708, Hunter Associates 
Laboratory, Inc., Weston, VA) was used to determine Hunter L* (lightness), a* (redness), 
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b* (yellowness) of the turkey or beef slices.  The slices were analyzed with a 2.54 cm 
port, D65 illumination, and 10° standard observer.   
Lee-Kramer Shear Force 
 Two slices from each treatment were used for shear force measurements.  Each 
slice was cut into a 4.0 cm x 4.0 cm square and analyzed using the Lee-Kramer Shear 
Force test on an Instron Universal Testing Machine.  Shear force was tested on day 0 and 
28, and was evaluated by the peak kilograms of force (kgf).   
Double Compression Analysis 
 Texture profile analysis was conducted following the procedures developed by 
Bourne (1978). A 500-kg load cell was used and the Instron was programmed with a 
crosshead speed of 50 mm/minute.  Each piece was compressed to 75% of its original 
height two times.  
Sensory Consumer Panels 
 Sensory analysis for the consumer panel was conducted at the UNL Food Industry 
Complex under the supervision of Dr. Susan Cuppett.  The consumer panel was 
composed of staff and students from the Food Science and Technology and Animal 
Science Departments.  Consumers were asked a series of questions on visual, textural and 
flavor attributes and rated on a 15 point hedonic scale. Visual and textural attributes 
included surface appearance (1 wet, 15 shiny), overall appearance (1 desirable, 15 
desirable), first bite (1 falls apart, 15 stay together), first bite acceptability (1 not 
acceptable, 15 very acceptable), texture (1 mushy or tender, 15 rubber or tough), mouth 
feel (1 very dry, 15 very moist), overall texture acceptability (1 very undesirable, 15 very 
desirable).  Flavor attributes included beef flavor, sweetness, saltiness, tartness, (1 
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lacking, 15 intense), Overall flavor (1 undesirable, 15 desirable), aftertaste clearing of 
flavor (1 clears rapidly, 15 flavor lingers), aftertaste acceptability (1 desirable, 15 
desirable), and overall sample acceptability (1 very undesirable, 15 very desirable). 
Sensory panels were conducted approximately 28 days after production.   
Statistical Analysis 
 An analysis of variance (ANOVA) using the GLIMMIX procedure of SAS (SAS 
Version 9.1, Cary, NC 2002) was used to analyze the data. Cook yields, pH, proximate 
analysis, Lee Kramer Shear values, double compression values, and color (L*, a*, b*) 
were analyzed as complete block designs (CBD).  Blocking factors included treatment, 






RESULTS AND DISCUSSION 
 Tables with least square (LS) means are provided on the effects of 
treatment, mixing times and the interaction between treatment and mixing time for 
information purposes.  Discussion is limited to main effects or any significant interaction 
between treatment and mixing time. 
Cook Yield and pH 
No differences (P > 0.05) were observed on cook yield among mixing times 
(Tables 3 and 4).  Unlike these results, Booren et al. (1981a, 1981b), and Pepper and 
Schmidt (1975), reported that increasing the mixing time increased the cook yields in 
restructured beef steaks and beef rolls. In addition, Krause et al. (1978) reported an 
increase in cooking yield with an increase in tumbling time for hams.  Our results could 
be due to the high humidity thermal processing of the turkey rolls, whereas Booren et al. 
(1981a, 1981b) cooked restructured beef steaks under a broiler.  Pepper and Schmidt 
(1975) cooked restructured beef rolls in a water bath. 
A difference (P < 0.05) was observed for percentage cook yield for beef (Table 
2), with the cooking yield for LV treatment being higher than the control. Similarly, 
although not significant, Poovey (2007) found an increase in cook yield in hams with the 
addition of sodium lactate and sodium diacetate (2.5% and 3.5%).  However, Sammel 
and Claus (2003), Kieffer et al. (2000) reported that citric acid (not buffered) used at the 
0.2% and 0.3% decreased (P < 0.05) cooking yields in turkey rolls. Since the acid was 
not buffered, it would be expected to have a negative effect on cook yield as the low pH 
of the citric acid would denature meat proteins. Cook yield of turkey rolls was not 
affected by addition of LV (Table 1); Samelis et al. (2002) also reported no difference in 
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cook yield in frankfurters formulated with different levels of sodium lactate, sodium 
acetate, and sodium diacetate, or a combination of the two.  
The pH of the control brine was higher (P < 0.05) than the LV brine (Tables 1 and 
2). The buffered vinegar and lemon juice added to the solution had a pH of 5.55-5.85 
(Appendix J) resulting in the lower pH of the LV brine.  Brown (2007) and Lloyd et al. 
(2009) also reported a decrease in brine pH with the addition of organic acid salts.  The 
pH of the final cooked product for turkey or roast beef was not different.  These results 
are similar to Poovey (2007), however Brown (2007), Sammel and Claus (2003), 
Geornaras et al. (2005), and Samelis et al. (2002) found a decrease (P < 0.05) in final 
product pH with the use of organic acids or salts of organic acids.  Perhaps the pH of the 
cooked product was similar due to the fact that the LV solution was buffered to a pH of 
5.55-5.85 and the meat has a buffering capacity. 
Proximate analysis  
Percent moisture for five minutes of mixing in turkey (Table 9) was lower (P < 
0.05) than the other three times, and the percent moisture increased as mixing time 
increased.  This increase in moisture content could be due to the fact that muscular 
structure is loosened by means of mechanical processing or mixing, which breaks up cells 
and makes cellular membranes more permeable.  This allows for sufficient extraction of 
myofibrillar proteins, which will enhance the binding of water (Addis and Schanus 1979).  
However, Booren et al. (1981b) did not find a difference in percent moisture across 
different mixing times in restructured beef steaks.   
For both the turkey (Table 7) and beef (Table 8), the LV treatment had a higher (P 
< 0.05) percent ash than the control.  This increase in percent ash could be attributed to 
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the increased level of sodium and potassium in buffering ingredients  added to the 
buffered lemon juice and vinegar antimicrobial (personal information).  The control 
turkey treatment had higher (P < 0.05) percent moisture than the LV treatment, but no 
difference was found for beef (Table 8).  For the turkey this could be due to the higher 
cooking yield of the control and higher final product pH and possibly due to the higher 
humidity the product was thermally processed at (100% relative humidity for turkey and 
58% for beef).  Poovey (2007) and Stekelenburg et al. (2001) reported that increasing 
organic acid salts in the formulation, reduced the moisture content in the final product.  
Like the beef, Barmpalia et al. (2004) found no difference (P > 0.05) in percent moisture 
or fat in frankfurters with organic acids or salts of organic acids.   
Color Analysis 
For both the turkey and beef, as mixing time increased (Tables 15 and 16), L* 
values increased (P < 0.05).  Hanna et al. (1996) reported a significant increase in L* 
values for restructured pork chops mixed for 15, 30, 45, or 60 minutes. Sammel and 
Claus (2003) hypothesized that fiber disruption during mixing exposed the heme.  This 
could then open the free binding sight allowing for a change in color.  Protein extraction 
increasing over time and extracted proteins are lighter in color could also be another 
factor contributing to increased L* values.  Beef (Table 16) also had decreasing (P < 
0.05) a* values with increasing mixing time.  This could result as mixing time increases, 
more oxygen is incorporated into the product and at the same time myoglobin is exposed 
to salt and organic acids that could result in increased formation of metmyoglobin 
resulting in decreasing redness. 
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 A significant difference (P < 0.05) was found between the control and LV 
treatments for both turkey (Table 13) and beef (Table 14) for all HunterLab color 
measurements of L* (lightness), a* (redness), and b* (yellowness) on day zero.  The 
control turkey was lighter, redder, and less yellow (P < 0.05) than the LV treatment; the 
control beef was lighter, redder, and more yellow (P < 0.05) than the LV treatment.  
Sammel and Claus (2003), Kieffer et al. (2000), and Pohlman et al. (2002) reported 
similar results for a* and b* values with the use of organic acids.  Keiffer et al. (2000) 
hypothesized the reduction in redness with the addition of citric acid was that the acid 
may have bound to myoglobins heme iron.  Sammel and Claus (2003) reported citric acid 
reduced a* values in restructured turkey rolls and could not in intact turkey breast; it was 
then hypothesized that because of the fiber disruption during mixing the heme was 
exposed, allowing the acid to bind.  Pohlman et al. (2002) reported a decrease in redness 
in ground beef was likely that acetic acid promoted pigment oxidation by reducing the pH 
and denaturing myoglobin.  This reduction in redness in the LV treatments could be a 
problem if trying to keep a medium rare to rare color in processed beef products.  Similar 
L* values were found by Sawyer et al. (2008); with the addition of 1.5% lactic acid 
enhancement L* values decreased (P < 0.05), or became darker.  L* values for this study 
differ from those reported by Sammel and Claus (2003), who found the addition of citric 
acid (0.3%) significantly increased lightness.  On day 28 of storage color for beef, L* and 
a* values were different (P < 0.05), with the control still being lighter, but less red than 
the LV treatment. 
  
Instron Double Compression and Lee Kramer Shear Analysis 
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As mixing time increased Lee Kramer values (P = 0.08) generally decreased for 
turkey slices (Table 21);  Booren (1981a, 1981b), and Coon et al. (1983) found a decrease 
in tenderness as mixing times increased in sectioned and formed beef steaks, and it was 
hypothesized by Coon et al. (1983) that the increased mixing time increased cellular 
disruption and thus increasing tenderness.  No differences were found for Kramer shear 
values in beef slices.  A difference (P < 0.05) was observed for an interaction between 
treatment and mixing time for hardness (Table 24) of beef on day 0.  Noble et al. (1983) 
and Pepper and Schmidt (1975) found an increase in toughness as mixing times increased 
in restructured beef rolls and steaks.  The differences in trends found between the turkey 
and beef may be due to the fact that turkey breast meat is much more delicate than beef 
inside round.   
 The control and LV treatment for turkey (Table 19) and beef (Table 20) were not 
different (P > 0.05) for Lee Kramer shear values.  Poovey (2007) found similar results in 
which; shear values (P < 0.05) increased with the addition of organic acid salts. These 
higher values could be attributed to the lower percent moisture (Tables 7 and 8) found in 
the LV treatments.  Beef (Table 20) control treatments were significantly (P < 0.05) 
gummier, and less springy than the LV treatment.  Brown (2007) reported gumminess 
increased (P < 0.05) with the addition of sodium citrate (0.8%, 1.6%, and 2.4%) and 
sodium lactate (2.4%) in hams. Stekelenburg et al. (2001) reported springiness increased 
with the addition of 0.1% potassium benzoate + 2.0% sodium lactate and 2.0% sodium 




Consumer panels found increasing mixing time increased (P < 0.05) the shininess 
of the turkey sample (Table 32).  Percent moisture increased with mixing time (Table 9), 
therefore with the increase in moisture the shinier the sliced product appeared.  Twenty 
minutes of mixing for beef (Table 33) increased (P < 0.05) first bite toughness, texture 
toughness and dryness as compared to shorter mixing time, although it did not affect the 
overall texture acceptability.   
 For visual and textural attributes (Tables 28 and 29), the only difference (P < 
0.05) observed between treatments was for the overall texture acceptability for turkey 
slices, where the LV treatment had a higher texture acceptability rating.  Although not 
significant, all other ratings for visual appearance and textural attributes for both turkey 
and beef, the LV treatment generally had higher or very similar ratings.  This data would 
suggest the use of a commercial blend of buffered vinegar and lemon juice concentrate 
solution did not negatively affect the visual or texture attributes from a consumers 
standpoint.   
  Flavor attributes (Table 30) of turkey slices, consumer panels were able to find 
differences (P < 0.05) in turkey flavor, sweetness, saltiness, tartness, and clearing of 
aftertaste.  LV treatment was higher (P < 0.05) for sweetness, saltiness, tartness, and a 
longer lingering of aftertaste where as the control was rated higher for turkey flavor.  
Poovey (2007) found similar results with respect to tartness of addition of organic acid 
salts. The results of tartness, lingering of after taste, and turkey flavor results should be 
expected with the addition of an acid.  For sweetness and saltiness, consumers may have 
been picking up on the general increased flavor of the LV treatment versus the control.  
The overall acceptability was similar for both treatments for turkey and beef. Beef slices 
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(Table 31) for the LV treatment were higher for all flavor attributes except aftertaste 
acceptability, and were higher (P < 0.05) for sweetness, tartness, overall flavor, and 
clearing or lingering of aftertaste.  These results would indicate the use of LV does not 
have a negative impact on sensory attributes and in most cases, is rated higher by the 
consumer than the control. Geornaras et al. (2005) found similar results with the use of 
sodium lactate and sodium diacetate in frankfurter formulations or dipped in lactic or 
acetic acid. The treated samples generally had higher scores for flavor and overall 
acceptability, thus the use of an antimicrobial did not negatively affect overall sensory 
attributes.  





Mixing time can affect final product color, and should be considered when 
making beef products, as a decrease in redness (a*) is observed with increased mixing 
times.  Slight trends were seen with mixing time for texture analysis however, it was not 
significant.  Turkey generally became more tender and beef tougher over time.  More 
samples may need to be analyzed in order to find a significant difference.  The use of a 
buffered vinegar and lemon juice concentrate solution at the 2.5% level overall did not 
affect the quality of restructured turkey and beef rolls.  One of the most important factors 
for processors is cook yield and whether or not consumers will like the product for repeat 
sales. The LV treatment did not affect cook yield in turkey rolls and actually increased it 
in beef rolls.  Consumer panels generally gave the LV treatment higher or more desirable 
sensory scores across all attributes.  One negative effect processors need to be aware is if 
they are trying to achieve a medium rare or rare finished beef product; the use of LV can 








Table  1. Least Square Means of Turkey for pH of Meat Block, Brine, Meat + Brine, and Final Cooked Product and Cooking 
Yield for Control and LV Treatments. 
Treatment 
pH Meat 
Block pH Brine 
















SEM   0.042 0.029  0.013   0.091     0.499 
P-value   0.647   <.0001    <.0001   0.838      0.124 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 





Table  2. Least Square Means of Beef for pH of Meat Block, Brine, Meat + Brine, and Final Cooked Product and Cooking 





















SEM   0.038 0.03   0.051   0.026    0.411 
P-value   0.474   <.0001   0.307  0.16    0.001 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 






Table  3. Least Square Means of Turkey for pH of Meat Block, Brine, Meat + Brine, and Final Cooked Product and Cooking 













5  5.82 6.78 5.79 5.71 89.86 
10 5.81 6.83 5.80 5.69 89.62 
15 5.82 6.79 5.79 5.63 89.49 
20 5.79 6.78 5.81 5.67 89.75 
SEM   0.060   0.042   0.018   0.128    0.706 
P-Value   0.958    0.772   0.777 0.98    0.983 
No significant differences were found among treatments. 
5, 10, 15, 20 = Minutes of Mixing Time. 




Table  4. Least Square Means of Beef for pH of Meat Block, Brine, Meat + Brine, and Final Cooked Product and Cooking 















6.79 5.47 5.62 85.10 
5 5.54
ab 
6.86 5.50 5.64 84.83 
10 5.47
b 
6.84 5.44 5.63 85.57 
15 5.44
b 
6.85 5.49 5.63 85.55 
20 5.54
ab 
6.83 5.46 5.62 84.98 
SEM 0.060   0.048  0.081   0.041    0.650 
P-value 0.053   0.850  0.988   0.992    0.894 
ab
 Means within the same column and within a main effect without a common superscript differ (P ≤ 0.05). 
2.5,5, 10, 15, 20 = Minutes of Mixing Time. 


















C 5 5.82 8.20 5.86 5.69 90.86 
C 10 5.83 8.22 5.89 5.78 90.68 
C 15 5.86 8.26 5.87 5.63 89.46 
C 20 5.79 8.21 5.88 5.66 90.02 
LV 5 5.82 5.36 5.72 5.72 88.87 
LV 10 5.80 5.45 5.72 5.60 88.57 
LV 15 5.77 5.32 5.71 5.64 89.82 
LV 20 5.80 5.30 5.74 5.69 89.48 
SEM   0.085   0.059   0.026   0.182    0.998 
P-Value   0.939   0.509   0.948   0.927    0.676 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
5, 10, 15, 20 = Minutes of Mixing Time.  

















C 2.5 5.77 8.29 5.36 5.59 83.89 
C 5 5.48 8.29 5.43 5.58 83.93 
C 10 5.41 8.29 5.40 5.64 84.30 
C 15 5.38 8.29 5.52 5.60 85.11 
C 20 5.55 8.29 5.46 5.59 83.41 
LV 2.5 5.64 5.29 5.58 5.65 86.31 
LV 5 5.59 5.42 5.56 5.70 85.73 
LV 10 5.54 5.39 5.48 5.63 86.84 
LV 15 5.50 5.42 5.46 5.65 85.99 
LV 20 5.53 5.37 5.47 5.64 86.55 
SEM   0.085   0.068   0.114   0.059     0.919 
P-value   0.491   0.864   0.780   0.881     0.781 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing time. 



























SEM   0.228   0.162 0.020    0.185 
P-value   0.007   0.563  <.0001    0.292 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 















Control 70.19 4.39 2.11
a 
23.29 
LV 69.68 4.11 2.69
b 
23.50 
SEM    0.261   0.145  0.044     0.227 
P-value    0.186   0.195   <.0001     0.534 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 




































SEM  0.323   0.230   0.029   0.261
 
P-value  0.022   0.727   0.820   0.017 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
5, 10, 15, 20 = Minutes of Mixing Time. 















2.5 69.85 4.31 2.39 23.44 
5 69.91 3.95 2.36 23.75 
10 69.92 4.43 2.45 23.18 
15 70.46 4.16 2.37 22.99 
20 69.53 4.39 2.43 23.63 
SEM     0.413   0.230   0.070    0.360 
P-value     0.630   0.589   0.875    0.930 
No significant differences were found among treatments. 
2.5, 5, 10, 15, 20 = Minutes of Mixing time. 


















C 5 72.83 2.22 1.81 23.14 
C 10 73.97 2.00 1.83 22.19 
C 15 74.13 1.75 1.78 22.32 
C 20 74.03 2.06 1.87 22.03 
LV 5 71.69 2.31 2.43 23.56 
LV 10 72.82 2.01 2.35 22.80 
LV 15 73.06 2.07 2.46 22.40 
LV 20 73.36 2.20 2.38 22.05 
SEM     0.457   0.325   0.041     0.370 
P-value     0.945   0.969   0.163     0.831 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
5, 10, 15, 20 = Minutes of Mixing Time.  
















C 2.5 69.75 4.64 2.09 23.50 
C 5 70.27 4.22 2.03 23.46 
C 10 70.57 3.98 2.18 23.25 
C 15 70.80 4.30 2.13 22.76 
C 20 69.55 4.80 2.13 23.51 
LV 2.5 69.94 3.98 2.69 23.38 
LV 5 69.56 3.69 2.70 24.04 
LV 10 69.29 4.88 2.73 23.11 
LV 15 70.13 4.02 2.60 23.23 
LV 20 69.52 3.99 2.73 23.74 
SEM     0.585   0.326   0.100     0.509 
P-Value     0.719   0.104   0.905     0.930 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing time. 





Table 13. Least Square Means for HunterLab L*, a*, b* Turkey Slices From Control and LV Treatments on Day 0. 













SEM      0.022  0.086   0.076 
P-value      0.0002  0.005    <.0001 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
L* = Lightness. 
a* = redness. 




Table 14. Least Square Means for HunterLab L*, a*, b* on Beef Slices From Control and LV Treatments on Day 0 and 28. 
 
Treatment 
L *  
Day(D)0 
L *  
D28 
a *  
D0 
a *  
D28 


























SEM   0.179   0.245   0.104  0.072    0.037     0.152 
P-value    <.0001    <.0001     <.0001   0.012     <.0001     0.179 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 





Table 15. Least Square Means for HunterLab L*, a*, b* Turkey Slices From Different Mixing Times on Day 0. 













SEM   0.321   0.121     0.108 
P-value    0.021   0.783     0.450 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
5, 10, 15, 20 = Minutes of Mixing Time. 
SEM = Standard error of the mean. 
L* = Lightness. 
a* = redness. 




Table 16. Least Square Means for HunterLab L*, a*, b* on Beef Slices From Different Mixing Times on Day 0 and 28. 
 
Treatment 
L *  
Day(D)0 
 L *  
D28 
  a *  
D0 
  a *  
D28 




























8.65 14.42 14.72 
SEM   0.284    0.388   0.165   0.113     0.059     0.240 
P-value   0.001    0.142    <.0001   0.076     0.073     0.072 
abc
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
2.5,5, 10, 15, 20 = Minutes of Mixing Time. 






Table 17. Least Square Means for HunterLab L*, a*, b* Turkey Slices by Treatment and Mixing Time on Day 0. 
Treatment L *  a *  b * 
C 5 81.36 4.58 13.47 
C 10 82.35 4.48 13.55 
C 15 82.83 4.49 13.33 
C 20 83.21 4.34 13.18 
LV 5 80.57 4.12 14.05 
LV 10 81.12 4.10 14.01 
LV 15 81.26 4.21 14.05 
LV 20 81.59 4.04 13.92 
SEM     0.045   0.172     0.153 
P-value     0.788   0.961     0.773 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
5, 10, 15, 20 = Minutes of Mixing Time.  
SEM = Standard error of the mean. 
L* = Lightness. 
a* = redness. 




Table 18. Least Square Means for HunterLab L*, a*, b* on Beef Slices by Treatment and Mixing Time on Day 0 and 28. 
 
Treatment 
L *  
Day(D)0 
L *  
D28 
a *  
D0 
a *  
D28 




C 2.5 53.70 52.99 12.94 8.94 14.57
ab 
13.97 
C 5 54.47 53.64 12.91 8.95 14.57
ab 
14.04 
C 10 55.29 54.44 12.18 8.46 14.38
bc 
14.26 
C 15 55.77 54.34 12.31 8.95 14.57
ab 
14.16 
C 20 56.00 54.44 11.45 8.75 14.77
a 
15.00 
LV 2.5 52.88 51.51 11.52 8.28 14.01
de 
14.04 
LV 5 53.22 52.63 10.70 8.36 13.83
e 
13.44 
LV 10 53.79 52.70 10.54 8.57 14.11
d 
13.85 
LV 15 53.60 52.00 10.55 8.98 14.17
cd 
14.21 
LV 20 53.50 52.46 10.19 8.55 14.06
de 
14.43 
SEM     0.402     0.548     0.234   0.161   0.084     0.340 
P-value     0.228     0.791     0.304   0.060   0.031     0.756 
abcde
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing time. 







Table 19. Least Square Means of Turkey Slices for Double Compression and Kramer Shear Force Values from Control and 
LV Treatments on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
Control 1080.49 0.28 301.73 10.21 3098.78 66.08 
LV 1185.52 0.29 337.48 10.18 3439.86 70.22 
SEM        55.060   0.003      13.460     0.086     160.770 1.730 
P-value          0.196   0.338         0.078     0.764         0.153 0.099 
No significant differences were found among treatments. 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 




Table 20. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values from Control and LV 
Treatments on Day 0. 















SEM      21.120   0.002      7.730  0.044       70.360       3.780 
P-value        0.024   0.480      0.021  0.004         0.116      0.194 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 










Table 21. Least Square Means of Turkey Slices for Double Compression and Kramer Shear Force Values from Different 
Mixing Times on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
5 1205.30 0.29 347.58 10.32 3612.01 72.33 
10 1151.61 0.28 325.95 10.18 3315.43 70.12 
15 1108.04 0.28 308.10 10.14 3135.91 65.97 
20 1067.06 0.28 296.79 10.14 3013.93 64.18 
SEM       77.860   0.005     19.040     0.123     227.370     3.460 
P-value         0.636   0.321      0.291     0.687         0.306     0.088 
No significant differences were found among treatments. 
5, 10, 15, 20 = Minutes of Mixing Time. 
SEM = Standard error of the mean. 





Table 22. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values from Different Mixing 
Times on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
2.5 1215.64 0.34 417.21 9.16
b 
3824.87 131.73 
5 1274.68 0.33 422.20 9.23
b 
3892.67 119.92 
10 1263.16 0.34 422.75 9.36
ab 
3953.39 124.39 
15 1300.46 0.33 433.42 9.24
b 
4000.34 110.60 
20 1170.46 0.33 389.77 9.51
a 
3708.03 122.43 
SEM       33.400   0.003      12.230  0.070      111.250       5.980 
P-value        0.063   0.162        0.145  0.010          0.280       0.180 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
2.5,5, 10, 15, 20 = Minutes of Mixing Time. 
SEM = Standard error of the mean. 




Table 23. Least Square Means of Turkey Slices for Double Compression and Kramer Shear Force Values by Treatment and 
Mixing Time on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
C 5 1139.12 0.29 330.44 10.34 3438.99 72.07 
C 10 1137.27 0.28 316.44 10.19 3231.54 64.19 
C 15 1052.31 0.29 296.70 10.14 3037.47 63.74 
C 20 993.26 0.26 263.33 10.19 2687.12 64.32 
LV 5 1271.48 0.29 364.71 10.30 3785.00 72.59 
LV 10 1165.95 0.29 335.47 10.10 3399.33 76.05 
LV 15 1163.78 0.27 319.50 10.14 3234.35 68.19 
LV 20 1140.87 0.29 330.25 10.09 3340.75 64.04 
SEM      110.120   0.007     26.930     0.173      321.550     3.460 
P-value          0.949   0.080       0.806     0.991         0.867     0.293 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
5, 10, 15, 20 = Minutes of Mixing Time.  
SEM = Standard error of the mean. 




Table 24. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values by Treatment and 
Mixing Time on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
C 2.5 1247.23
a 
0.34 424.15 9.07 3843.31 128.22 
C 5 1270.25
abd 
0.34 425.33 9.23 3920.22 110.17 
C 10 1342.93
ad 
0.34 449.63 9.21 4140.93 120.68 
C 15 1403.58
a 
0.33 466.06 9.09 4234.66 109.97 
C 20 1133.91
bcd 
0.34 384.98 9.44 3637.39 122.41 
LV 2.5 1184.05
bd 
0.35 410.27 9.26 3806.42 135.23 
LV 5 1279.11
abd 
0.33 419.08 9.23 3865.13 129.67 
LV 10 1183.39
abc 
0.34 395.88 9.51 3765.85 128.09 
LV 15 1197.34
bcd 
0.34 400.78 9.40 3766.02 111.24 
LV 20 1207.62
c 
0.33 394.55 9.58 3778.68 122.45 
SEM      47.230   0.005     17.300   0.099     157.340       8.690 
P-value       0.027   0.291       0.160   0.546          0.280       0.797 
abcd
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing time. 
SEM = Standard error of the mean. 





Table 25. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values from Control and LV 















Control 1312.57 0.32 416.38 9.90 4120.82 115.01 
LV 1365.84 0.32 428.99 9.95 4271.26 117.27 
SEM       19.790   0.002       7.240   0.053       76.570       2.600 
P-value        0.062   0.622       0.224   0.534        0.170       0.540 
No significant differences were found among treatments. 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 





Table 26. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values from Different Mixing 







































402.27 9.99 4019.59 117.69 
SEM      31.290  0.004     11.450   0.084     121.070      4.116 
P-value      0.008  0.052       0.120   0.182         0.333      0.702 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
2.5,5, 10, 15, 20 = Minutes of Mixing Time. 
SEM = Standard error of the mean. 









Table 27. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Test by Treatment and Mixing 















C 2.5 1325.89 0.32 428.10 9.73 4163.64 116.60 
C 5 1381.27 0.32 439.41 9.74 4274.60      108.23 
C 10 1426.32 0.31 438.83 9.88 4343.12 122.51 
C 15 1226.55 0.31 378.76 10.19 3862.78 114.32 
C 20 1202.83 0.33 396.80 9.98 3959.95 113.36 
LV 2.5 1379.68 0.33 448.49 9.95 4466.71 124.05 
LV 5 1359.39 0.31 421.99 9.84 4161.27 122.25 
LV 10 1383.17 0.31 427.02 10.05 4295.89 108.01 
LV 15 1225.40 0.32 439.71 9.91 4353.23 110.06 
LV 20 1281.56 0.32 407.75 10.00 4079.23 122.01 
SEM       82.940   0.006     16.190     0.119     171.230       5.821 
P-value         0.941   0.537       0.132      0.260        0.386       0.116 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing time. 
SEM = Standard error of the mean. 






Table 28. Least Square Means of Turkey Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by 













































Control 7.34 9.53 7.17 9.26 6.95 5.37 8.42 8.99
a
 
LV 7.11 9.18 7.52 9.66 7.27 5.73 8.79 9.59
b
 
SEM-C   0.188  0.167  0.230  0.180  0.170  0.166  0.184  0.203 
SEM-LV   0.190  0.168  0.233  0.182  0.172  0.168  0.186  0.205 
P-Value   0.343  0.119  0.256  0.097  0.159  0.101  0.135  0.027 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM-C = Standard error of the mean for control. 
SEM-LV = Standard error of the mean for LV. 
Visual and texture attributes were evaluated individually on a 15 point scale 1=lowest, 15=highest. 
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 





Table 29. Least Square Means of Beef Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by Consumer 






















































Control 7.66 7.99 7.29 8.06 7.52 6.24 8.10 8.23 
LV 7.78 7.95 7.28 8.18 7.05 6.12 8.28 8.25 
SEM-C   0.184   0.171   0.276   0.220   0.215   0.218   0.198   0.214 
SEM-LV   0.177   0.165   0.265   0.211   0.207   0.209   0.190   0.205 
P-Value   0.606   0.841   0.965   0.660   0.073   0.673   0.469   0.955 
No significant differences were found among treatments. 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM-C = Standard error of the mean for control. 
SEM-LV = Standard error of the mean for LV. 
Visual and texture attributes were evaluated individually on a 15 point scale 1=lowest, 15=highest. 
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 




Table 30. Least Square Means of Turkey Slices for Sensory Analysis of Flavor Attributes Evaluated by Consumer Panels for 


































































 9.09 9.34 
SEM-C  0.174  0.174  0.150  0.168   0.189  0.197   0.195   0.202 
SEM-LV  0.176  0.176  0.152  0.169   0.191  0.200   0.197   0.204 
P-Value  0.011  0.005  0.004 <.0001  0.660  0.011   0.917   0.993 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM-C = Standard error of the mean for control. 
SEM-LV = Standard error of the mean for LV. 
Flavor attributes were evaluated individually on a 15 point scale, 1=lowest, 15=highest. 
1 
Turkey flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 




Table 31. Least Square Means o Beef Slices for Sensory Analysis of Flavor Attributes Evaluated by Consumer Panels by 





















































 7.89 8.00 
SEM-C   0.200  0.169   0.152  0.168 0.188  0.207   0.200   0.219 
SEM-LV   0.192  0.162   0.146  0.162 0.181  0.199   0.192   0.211 
P-Value   0.796 <.0001   0.751  0.019 0.016  0.001   0.443   0.260 
ab 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM-C = Standard error of the mean for control. 
SEM-LV = Standard error of the mean for LV. 
Flavor attributes were evaluated individually on a 15 point scale, 1=lowest, 15=highest. 
1 
Beef flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 






Table 32. Least Square Means of Turkey Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by 















































 9.28 7.41 9.31 7.47 5.96 8.54 8.96 
10 6.94
ab
 9.38 7.11 9.67 6.94 5.51 8.88 9.31 
15 7.47
bc
 9.48 7.31 9.26 7.01 5.40 8.40 9.43 
20 8.01
c
 9.29 7.56 9.59 7.01 5.32 8.59 9.47 
SEM .26-.25 .22-.23 .31 .24 .23 .22-.23 .25 .27-.28 
P-Value 0.0001 0.908 0.766 0.532 0.310 0.171 0.564 0.520 
abc 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
5, 10, 15, 20 = Minutes of Mixing Time. 
SEM = Standard error of the mean. 
Visual and texture attributes were evaluated individually on a 15 point scale 1=lowest, 15=highest. 
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 





Table 33. Least Square Means of Beef Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by Consumer 



































































































SEM .26 .24-.25 .39-.40 .31-.32 .41-.43 0.310 .28-.29 .23-.26 
P-Value 0.141 0.024 0.008 0.550 0.784 0.043 0.008 0.389 
abc 
Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
5, 10, 15, 20 = Minutes of Mixing Time. 
SEM = Standard error of the mean. 
Visual and texture attributes were evaluated individually on a 15 point scale 1=lowest, 15=highest. 
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 









































5 8.71 6.93 7.11 6.36 8.86 8.03 8.82 9.05 
10 8.43 6.75 7.10 6.10 8.92 7.60 9.07 9.43 
15 8.03 6.55 7.10 6.03 8.85 7.28 9.29 9.51 
20 8.72 6.66 7.19 6.50 9.07 8.13 9.11 9.37 
No significant differences were found among treatments. 
5, 10, 15, 20 = Minutes of Mixing Time. 
Flavor attributes were evaluated individually on a 15 point scale, 1=lowest, 15=highest. 
1 
Turkey flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
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2.5 7.69 7.34 7.06 7.09 7.83 8.11 8.28 7.82 
5 8.03 6.67 6.82 7.01 7.84 7.86 8.26 8.20 
10 7.19 7.08 6.43 6.35 7.48 7.69 7.80 7.96 
15 7.96 7.23 6.82 6.78 7.95 7.97 7.96 7.82 
20 7.63 7.06 6.61 6.46 7.57 8.24 7.60 7.43 
         
         No significant differences were found among treatments. 
5, 10, 15, 20 = Minutes of Mixing Time. 
Flavor attributes were evaluated individually on a 15 point scale, 1=lowest, 15=highest. 
1 
Beef flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 





Table 36. Least Square Means of Turkey Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by 























































C-5 6.44 9.36 7.05 9.39 7.40 5.64 8.37 8.78 
C-10 6.95 9.60 6.77 9.12 6.28 5.13 8.68 8.72 
C-15 8.03 9.36 7.20 8.72 6.99 5.39 8.11 9.00 
C-20 7.96 9.80 7.66 9.81 7.12 5.31 8.52 9.47 
LV-5 6.52 9.20 7.76 9.24 7.54 6.28 8.71 9.14 
LV-10 6.93 9.15 7.44 9.22 7.60 5.90 9.08 9.91 
LV-15 6.91 9.61 7.42 9.79 7.03 5.41 8.69 9.85 
LV-20 8.07 8.78 7.46 9.37 6.90 5.33 8.66 9.47 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
5, 10, 15, 20 = Minutes of Mixing Time.  
Visual and texture attributes were evaluated individually on a 15 point scale 1=lowest, 15=highest. 
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 
Overall texture acceptability:  1 = very undesirable, 15 = very desirable. 
 
 
Table 37. Least Square Means of Beef Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by Consumer 






















































C-2.5 8.18 8.06 6.50 7.96 7.30 6.10 7.81 8.04 
C-5 7.32 8.76 7.11 8.01 8.01 6.31 9.91 8.30 
C-10 7.51 7.87 6.71 8.33 6.74 5.45 8.65 8.82 
C-15 7.27 8.07 7.42 8.19 7.71 6.28 7.86 8.26 
C-20 8.03 7.20 8.73 7.80 7.84 7.04 6.98 7.74 
LV-2.5 7.46 8.17 7.11 8.21 6.96 6.08 8.90 7.93 
LV-5 7.39 8.06 6.74 8.86 6.57 5.61 8.00 8.47 
LV-10 7.94 7.58 7.47 7.79 7.61 6.33 8.56 8.27 
LV-15 7.73 8.26 6.80 8.33 6.71 5.64 8.08 8.57 
LV-20 8.38 7.66 8.27 7.69 7.37 6.96 7.84 8.00 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing Time.  
Visual and texture attributes were evaluated individually on a 15 point scale 1=lowest, 15=highest. 
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 
Overall texture acceptability:  1 = very undesirable, 15 = very desirable. 
 
 
Table 38. Least Square Means of Turkey Slices for Sensory Analysis of Flavor Attributes Evaluated by Consumer Panels by 









No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
5, 10, 15, 20 = Minutes of Mixing Time.  
Flavor attributes were evaluated individually on a 15 point scale, 1=lowest, 15=highest. 
1 
Turkey flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 





































C-5 9.24 6.46 6.70 5.59 8.91 7.56 9.02 9.30 
C-10 8.77 6.36 6.84 5.39 8.93 7.05 8.80 9.03 
C-15 8.17 5.98 6.65 5.26 8.50 6.76 9.16 9.27 
C-20 8.90 6.61 7.16 6.41 9.13 8.32 9.26 9.76 
LV-5 8.18 7.21 7.51 7.13 8.80 8.50 8.62 8.80 
LV-10 8.10 7.15 7.35 6.81 8.90 8.15 9.34 9.82 
LV-15 7.90 7.12 7.56 6.80 9.21 7.80 9.42 9.74 
LV-20 8.54 6.71 7.23 6.59 9.00 7.93 8.96 8.98 
 
 
Table 39. Least Square Means of Beef Slices for Sensory Analysis of Flavor Attributes Evaluated by Consumer Panels by 





































C-2.5 8.03 6.85 7.07 6.99 7.60 7.73 8.49 7.70 
C-5 7.79 5.87 6.95 6.92 7.51 7.14 8.09 7.72 
C-10 6.96 6.51 6.56 5.92 7.18 7.43 7.69 7.97 
C-15 7.90 7.02 6.70 6.37 7.69 7.47 7.99 7.64 
C-20 7.68 6.62 6.33 6.27 7.28 7.88 8.13 7.45 
LV-2.5 7.36 7.83 7.06 7.19 8.06 8.48 8.08 7.95 
LV-5 8.28 7.46 6.69 7.10 8.16 8.58 8.44 8.68 
LV-10 7.43 7.65 6.30 6.77 7.78 7.94 7.91 7.96 
LV-15 8.03 7.44 6.94 7.19 8.20 8.48 7.93 7.99 
LV-20 7.58 7.49 6.90 6.64 7.85 8.59 7.08 7.41 
No significant differences were found among treatments. 
C = Control, LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
2.5, 5, 10, 15, 20 = Minutes of Mixing Time. 
Flavor attributes were evaluated individually on a 15 point scale, 1=lowest, 15=highest. 
1 
Turkey flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 
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The effects of adding different levels of a commercial blend of buffered vinegar 
and lemon juice concentrate (LV) “natural” solution on the quality of “natural” or “clean 
label” restructured turkey and beef rolls was evaluated. Rolls were formulated with water, 
1.5% sea salt, 0.5% turbinado sugar and 0.0% (C), 1.5%, 2.5%, and 3.5% LV.  No 
difference (P < 0.05) was found for cooking yield.  Cooked product pH in turkey 
decreased (P < 0.05) as the level of LV increased.  Percent moisture was higher for C and 
LV 2.5% in beef and C in turkey was higher (P < 0.05) than LV 1.5% and 3.5%.  
HunterLab L* values were lower (P < 0.05) for LV treatments versus the C beef slices.  
Turkey L* and a* values were lower (P < 0.05) at the 2.5% and 3.5% LV addition when 
compared to C, and LV 3.5% had a higher b* (P < 0.05) versus all other treatments.  
Texture analysis indicated the C turkey was less chewy (P < 0.05) than LV 3.5%.  No 
other differences (P < 0.05) were observed for double compression or Lee-Kramer shear 
values for turkey or beef on day 0.  LV 2.5% beef was significantly less hard, gummy and 
chewy than the control and LV 3.5% on day 28 of storage.  Beef sensory analysis for 
overall flavor and acceptability was higher (P < 0.05) for LV treatments.  No differences 
were observed among treatments for overall flavor and acceptability of turkey.  The 
results of this study suggest meat processors can use buffered vinegar and lemon juice 
concentrate at different levels to improve product flavor and maintain product texture, 
however the addition of LV can impact cooked product color. 
 





There has been rapid growth in the natural and organic food markets.  As a result, 
meat and poultry processors are producing products to meet these demands and comply 
with regulatory rules (Bacus 2007, Sebranek and Bacus 2007a, 2007b).  Processed meat 
and poultry products labeled “natural” must comply with the USDA (2005) definition; 
“does not contain any artificial flavor or flavoring, coloring ingredient, or chemical 
preservative, or any other artificial or synthetic ingredient; and the product and its 
ingredients are not more than minimally processed.” Ingredients classified as chemicals 
or synthetic include sodium lactate, sodium citrate, and sodium diacetate.  Ingredients 
used in “natural” products can include: sea salt, turbinado sugar, fruit juices concentrates 
(lemon juice), and vinegar (acetic acid) (Bacus 2007, Sebranek and Bacus 2007a). 
Buffered vinegar and lemon juice concentrate are used by processors making 
“natural” products to meet Alternative 1 or Alternative 2 set by the FSIS (9 CFR 430, 
Code of Federal Regulations 2010).  Hofing et al. (2008), Valenzuela-Martinez et al. 
(2010), and Glass et al. (2010) have shown that “natural” antimicrobials such as buffered 
citric acids, acetic acids, or a mixture of the two at the 2.5% and 3.5% levels can control 
the growth of pathogens like L. monocytogenes and C. perfringens.  However, minimal 
research has been published on the effects of “natural” antimicrobials on processed meat 
quality.   
The effectiveness of organic acids or salts of organic acids in controlling growth 
of L. monocytogenes as either ingredients in formulations or dipping solutions post 
slicing of the product have been demonstrated.  They have also been reported to affect 
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product quality.  Poovey (2007) reported a loss (P < 0.05) in cook yield when using 
sodium citrate or sodium citrate + sodium diacetate at 1.3% level or higher in hams. 
However, no difference was found for overall ham acceptability by consumer panels.  
Poovey (2007) also reported organic acid salts increased (P < 0.05) Lee Kramer shear 
force values.  Brown (2007) reported a loss (P < 0.05) in cook yield with the use of 
sodium citrate at 0.8% level or higher in hams and the use of sodium citrate or sodium 
lactate made the final product harder (P < 0.05).  He also observed lower sensory scores 
(P < 0.05) for overall ham acceptability for 2.4% sodium citrate, 1.6% and 2.4% sodium 
lactate levels.  
Zhu et al. (2005) observed the addition of 2.0% sodium lactate + 0.1% sodium 
diacetate increased (P < 0.05) saltiness in turkey hams and 3.3% sodium lactate + 0.1% 
sodium diacetate made the product tougher.  Geornaras et al. (2005) reported dipping 
ham and bologna post slicing in either 2.5% acetic acid or 2.5% lactic acid negatively 
affected sensory scores (P < 0.05) for color, odor, flavor acceptability, and overall 
acceptability.  Barmpalia et al. (2004) reported a decrease in cook yield (P < 0.05) with 
the use of 1.8% sodium lactate combined with 0.25% or 0.125% sodium diacetate in 
frankfurters but observed no difference in overall acceptability by consumer panels.  
The purpose of this study was to evaluate the effects of three levels of a “natural” 
commercial blend of a buffered vinegar and lemon juice concentrate solution on 





MATERIALS AND METHODS 
  
Four different treatment levels of a commercial blend of buffered vinegar and 
lemon juice concentrate (LV) solution (MOstatin LV1X, World Technology Ingredients, 
Inc. Jefferson, GA) were used in turkey and beef roll formulations in this study.  
Treatments included control (0% LV), 1.5%, 2.5%, 3.5% LV.  Preliminary studies 
indicated beef needed to be mixed for 10 mins and turkey for 20 mins. Each treatment 
was replicated three times on three different production days. 
Raw Meat Materials  
      About 70 kg of boneless, frozen, inside beef rounds were used from the 
University of Nebraska-Lincoln’s Loeffel Meat Laboratory, and about 70 kg of boneless, 
frozen skin-on turkey breasts were purchased from Lincoln Poultry in Lincoln, NE.  The 
inside beef rounds and turkey breasts were tempered and held at 3°C for four to six days 
until processing.  The cap muscle, fat, and any visible connective tissue were removed 
from the inside rounds and the skin, any removable fat, connective tissue and tendon 
were removed from the turkey breasts by hand with a knife prior to processing.  On the 
day of production, approximately 19 kg of inside rounds and turkey breasts were ground 
using a Hobart Grinder (Model #4732, Hobart MFG. Co., Troy, OH) with a ¾” plate.   
Brine Solution Preparation  
 Prior to production, dry ingredients for the four different brines were individually 
weighed.  Water and the LV solution were weighed immediately prior to brine mixing.  
The order of ingredient addition to the brine was: tap water, natural sea salt (Griffith 
Laboratories, Alsip, IL), and turbinado sugar (Griffith Laboratories, Alsip, IL).  
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Ingredients for LV brines were the same with LV added last.  The total weight of each 
formulation was held constant for 18% added ingredients to the meat block by adjusting 
the water weight as the percent of LV in the solution increased.  The percentage of other 
ingredients in the formulation include: 1.5% sea salt, 0.5% turbinado sugar, and 1.5%, 
2.5%, 3.5% LV.  Brines were mixed in a plastic container with a wire whisk until all 
ingredients were dissolved, and LV thoroughly incorporated.  
Restructured Turkey and Beef Roll Production  
 The brine and meat were added directly into a mixer (Mainca Model # RM-20, St. 
Louis, Missouri).  Beef formulations were mixed for 10 minutes and turkey formulations 
for 20.  The controls were made first followed by the LV treatments.   Once each mixing 
time was achieved, the meat was unloaded from the mixer and stuffed equally into two 
2.5 cm fibrous casings.  The casings were squeezed to remove air and clipped using a 
Tipper Clipper (Model # PR465L, Tipper Tie, Inc., Apex, NC).  The turkey and beef rolls 
were weighed and loaded onto a smokehouse truck.  The turkey rolls were thermally 
processed to an internal temperature of 74°C, while the beef rolls were thermally 
processed to an internal temperature of 60°C with a hold time of 12 minutes to achieve a 
medium rare degree of doneness and to meet the Salmonella lethality guidelines 
(Appendix A, USDA 1999).  After thermal processing, turkey and beef rolls were cooled 
in a 2°C cooler for approximately 24 hours.   
Slicing and Packaging Procedures 
 After the casing was removed, the rounded end piece was cut off and discarded. 
Thirteen, 13mm slices were then cut from the rolls using a Bizerba slicer (Model # SE12, 
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Bizerba, Balingen, Germany) and assigned to different analysis.  Slices were then 
packaged into a 20.3 cm X 25.4 cm vacuum bag, labeled and vacuum-packaged 
(Multivac Model #C500, Sepp Haggenmuller GmbH and Co. KG, Wolfertschwenden, 
Germany).  The remaining turkey or beef rolls which were not sliced were vacuum 
packaged and held at 3°C for later taste panel analysis after 28 days of storage.  
Smokehouse Yield 
 Smokehouse yield was calculated using the following formula: 
Smokehouse Yield (%) = [1-(pre-cook weight-chill weight)] x 100 
          pre-cook weight 
Proximate Analysis 
Analysis was conducted using AOAC (1990) methods for moisture, ash, and fat.  
Protein was found by difference. 
pH 
 The pH values were obtained by inserting an Orion PerPHect Electrode with Ross 
pH Spear Tip (Thermo Electron Corporation, Beverly, WA) into the ground meat, brine 
solution after it was fully mixed, and brine solution/meat after mixing.  The pH of the 
cooked product was taken from the powdered sample which was also used to determine 
proximate analysis.  Ten grams of powdered sample was weighed out and mixed with 90 
ml of distilled water in a plastic beaker.  Once thoroughly mixed the pH of the cooked 
sample was taken. 
Objective Color Analysis 
 A HunterLab Lab Scan 2 0/45 (SN-13708, Hunter Associates Laboratory, Inc., 
Weston, VA) was used to determine Hunter L* (lightness), a* (redness), b* (yellowness) 
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of the turkey and beef slices.  The slices were analyzed with a 2.54 cm port, D65 
illumination, and 10° standard observer.   
Lee-Kramer Shear Force 
 Two slices from each treatment were used for shear force measurements.  Each 
slice was cut into a 4.0 cm x 4.0 cm square and analyzed using the Lee-Kramer Shear 
Force test on an Instron Universal Testing Machine.  Shear force was tested on day 0 and 
28, and was evaluated by the peak force (N) and total energy (J). 
Double Compression Analysis 
 Texture profile analysis was conducted following the procedures developed by 
Bourne (1978). A 500-kg load cell was used and the Instron was programmed with a 
crosshead speed of 50 mm/minute.  Each piece was compressed to 75% of its original 
height two times.  
Sensory Consumer Panels 
 Sensory analysis for the consumer panel was conducted at the University of 
Nebraska, Food Industry Complex under the supervision of Dr. Susan Cuppett.  The 
consumer panel was composed of staff and students from the Food Science and 
Technology and Animal Science Departments.  Consumers were asked a series of 
questions on visual, textural, and flavor attributes and rated on a 15 point hedonic scale. 
Visual and textural attributes included surface appearance (1 wet, 15 shiny), overall 
appearance (1 desirable, 15 desirable), first bite (1 falls apart, 15 stay together), first bite 
acceptability (1 not acceptable, 15 very acceptable), Texture (1 mushy or tender, 15 
rubber or tough), mouth feel (1 very dry, 15 very moist), Overall texture acceptability (1 
very undesirable, 15 very desirable).  Flavor attributes included beef flavor, sweetness, 
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saltiness, tartness, (1 lacking, 15 intense), Overall flavor (1 undesirable, 15 desirable), 
aftertaste clearing of flavor (1 clears rapidly, 15 flavor lingers), aftertaste acceptability (1 
desirable, 15 desirable), and overall sample acceptability (1 very undesirable, 15 very 
desirable). Sensory panels were conducted approximately 28 days after production.   
Statistical Analysis 
An analysis of variance (ANOVA) using the GLIMMIX procedure of SAS 
(Version 9.1, Cary, NC 2002) was used to analyze the data. Cook yields, pH, proximate 
analysis, Lee Kramer Shear values, double compression values, and color (L*, a*, b*) 
were analyzed as complete block designs (CBD).  Blocking factors included treatment, 





RESULTS AND DISCUSSION 
 
Cook Yields and pH 
 Cook yield was not affected (P > 0.05) by the addition of varying levels of LV for 
beef (Table 1) and turkey rolls (Table 2).  Even though not significant, a general increase 
was seen in cook yield with the addition of LV.  These results agree with Samelis et al. 
(2002), who reported no differences in yield with the use of sodium lactate, sodium 
acetate, sodium diacetate, or a combination of the three in frankfurters.  Poovey (2007) 
found an increase although not significant (P > 0.05) in cook yield with the addition of 
sodium lactate and sodium diacetate at the 2.5% and 3.5% level in boneless hams.  
Sammel and Claus (2003) reported a decrease (P < 0.05) in cook yield in turkey rolls 
with the addition of citric acid at the 0.2% and 0.3% level; however the citric acid was 
not buffered and was not a salt of organic acid. 
 The brine pH was lower (P < 0.05) with the addition of 1.5%, 2.5%, and 3.5% LV 
versus the control.  This is expected because according to the LV product specification 
sheet, LV was buffered and had a pH ranging from 5.55-5.85 (Appendix J).  Cooked 
product pH decreased (P < 0.05) as the level of LV increased in turkey slices (Table 2). 
However, pH of cooked beef slices were not different (P > 0.05).  Valenzuela-Martinez et 
al. (2010) also found a decrease in pH with increasing levels of LV in ground turkey.  
Brown (2007) found similar results with the addition of organic acid salts (sodium citrate 
and sodium lactate) in hams, and Sammel and Claus (2003) found a decrease in cooked 





 For beef (Table 3) and turkey (Table 4) a difference (P < 0.05) was found for 
percent moisture.  The beef control and LV 2.5% treatments were higher (P < 0.05) than 
LV 1.5% and 3.5% treatments.  The turkey control was higher (P < 0.05) than LV 1.5% 
and 3.5% treatments.  Percent ash was lower (P < 0.05) in the control than the LV 
treatments, and this can be attributed by the sodium and potassium in LV.  
Color Analysis 
 On day 0 of shelf life, L* (lightness), b* (yellowness) and day 28 L* values for 
beef slices (Table 5) decreased (P < 0.05) with the increased addition of LV.  The color 
of turkey slices (Table 6) responded similar to beef on day 0 while L* and a* values 
decreased with increasing LV in the formulation.  However, the day 0 b* values for 
sliced turkey increased as LV concentrations increased. No differences in slice color were 
found on day 28 for turkey slices.  Sammel and Claus (2003), Kieffer et al. (2000), and 
Pohlman et al. (2002) reported similar results for a* and b* values with the use of organic 
acids (acetic acid, citric acid, sodium citrate).  Keiffer et al. (2000) hypothesized the 
reduction in redness with the addition of citric acid was the acid may have bound to 
myoglobins heme iron.  Sammel and Claus (2003) reported citric acid reduced a* values 
in restructured turkey rolls but did not when injected into intact turkey breast.  It was 
hypothesized because of the fiber disruption during mixing, the heme was exposed 
allowing the acid to bind.  Pohlman et al. (2000) reported a decrease in redness in ground 
beef was likely attributed to acetic acid which promoted pigment oxidation by reducing 
the pH and denaturing myoglobin.  This reduction in redness in the LV treatments could 
be a problem if trying to keep a medium rare to rare color in ready-to-eat beef products.  
Visually, the change in lightness and redness of the control versus the LV treatments 
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could be noticed during slicing and packaging of the product.  Since the LV beef 
treatments were darker in color, production of medium rare roast beef may be difficult 
when using LV. 
Instron Double Compression and Lee Kramer Shear Analysis 
 No differences (P > 0.05) were found for double compression measures or Lee 
Kramer analysis for beef (Table 7) on day 0.  However, LV 3.5% treatment for turkey 
was chewier (P = 0.055) than the control on day 0.  At 28 days, roast beef LV 2.5% was 
softer, less gummy and chewy (P < 0.05) than the control or LV 3.5% treatments.  These 
results differ from Brown (2007) and Zhu et al. (2005) as they reported an increase in 
hardness and chewiness with the addition of organic acid salts (sodium citrate, sodium 
lactate, sodium acetate) in formulations in hams or turkey ham. The addition of LV in 
this study had minimal effects on hardness, cohesiveness, gumminess, springiness, 
chewiness, or Lee Kramer shear values of roast beef or roast turkey. 
Sensory Analysis 
  Consumer sensory panel ratings increased (P < 0.05) as level of LV 
increased for first bite acceptability and overall texture acceptability for roast beef 
samples (Table 11).  For all other visual or textural attributes for beef, no significant 
differences were found.  Turkey (Table 12) consumer panels (P < 0.05) found the LV 
2.5% treatment to have a more desirable first bite, less mushy, and less tender than LV 
1.5% treatment.  The LV 3.5% treatment had a more desirable first bite than the LV 1.5% 
treatment.  No other significant differences were found for visual or textural attributes.   
 For flavor attributes, consumer panels found increasing levels (P < 0.05) of LV to 
be sweeter, have an overall more desirable flavor, and higher overall acceptability ratings 
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for beef (Table 13). Turkey (Table 14) was similarly found to be sweeter (P < 0.05) with 
increasing levels of LV.   
 There were minimal texture and sensory effects with addition of LV and ratings, 
if significant, were generally more favorable for LV treatments.  However, the addition of 
LV can impact the color of the cooked product.  Consumers generally preferred LV 
treatments for sweetness, overall flavor, and overall acceptability in beef while LV 
treatments had no affect on overall flavor or acceptability in turkey.  The preference of 
LV treatments in beef could be due to the use of minimal ingredients and salt at the 1.5% 
level in this study.  When products are produced with low salt levels, consumers may 
respond to flavors added by other ingredients such as the buffered lemon juice and 
vinegar ingredient used in this study.  However, a difference in color with the addition of 
LV was noted in this study.  Cooked beef or turkey products made with the addition of 









 The addition of LV in restructured beef rolls was positively rated by consumers to 
be more flavorful and be more acceptable than the control.  With the use of lower salt 
levels, LV may be an ingredient which could be used by processors to increase flavor 
acceptability of products.  LV can make the finished product darker in beef and turkey, so 
processors wanting to make beef products with a rare to medium rare degree of doneness 
need to take into account the change in color caused by the LV.  Buffered vinegar and 
lemon juice concentrates can be used by processors to meet “clean label” requirements 
without having a negative impact on cooking yields, and flavor attributes. 



















5.56 5.64 89.33 
LV 1.5% 5.59 5.20
b 
5.52 5.62 89.63 
LV 2.5% 5.53 5.33
b 
5.53 5.70 89.68 
LV 3.5% 5.57 5.34
b 
5.59 5.69 90.07 
SEM   0.073   0.087   0.088   0.046     0.356 
P-Value   0.927    <.0001   0.941   0.598     0.567 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
  

































SEM   0.057  0.299   0.061  0.015     0.571 
P-value   0.255    <.0001   0.090  0.001     0.866 
abc
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 









































SEM    0.349   0.442 0.077     0.358 
P-value    0.044   0.374 0.001     0.242 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 



































SEM   0.195   0.202  0.060     0.265 
P-value   0.010   0.663    0.0001     0.657 
abc
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
  
 Table 5. Least Square Means for HunterLab L*, a*, b* on Beef Slices From Different Treatments on Day 0 and 28. 
 
Treatment 
L *  
Day(D)0 
L *  
D28 
a *  
D0 
a *  
D28 
































SEM    0.379    0.458   0.114   0.108    0.145     0.179 
P-value    0.001    0.004   0.460   0.815    0.009     0.143 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
  
 Table 6. Least Square Means for HunterLab L*, a*, b* on Turkey Slices From Different Treatments on Day 0 and 28. 
 
Treatment 
L *  
Day(D)0 
L *  
D28 
a *  
D0 
a *  
D28 
































SEM   0.355    0.314  0.091   0.062    0.205     0.313 
P-value   0.051    0.082    <.0001   0.525    0.002      0.190 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
  
 Table 7. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values from Different 
Treatments on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
Control 1297.20 0.27 327.11 7.29 2287.98 79.17 
LV 1.5% 1437.51 0.26 357.49 7.44 3555.57 98.28 
LV 2.5% 1323.87 0.26 332.74 7.37 2375.68 97.94 
LV 3.5% 1215.40 0.27 307.83 7.33 2193.28 93.27 
SEM     168.400   0.018     27.880   0.757     113.400     9.580 
P-value         0.827    0.979       0.661   0.999        0.171     0.471 
No Significant Differences Were Found. 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 




 Table 8. Least Square Means of Turkey Slices for Double Compression and Kramer Shear Force Values from Different 
Treatments on Day 0. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
Control 1461.12 0.24 343.56 5.95 2043.96
a 
57.25 
LV 1.5% 1579.33 0.23 361.29 5.93 2138.61
ab 
69.26 
LV 2.5% 1577.36 0.23 367.67 6.06 2229.57
ab 
73.94 
LV 3.5% 1613.19 0.24 389.76 6.12 2383.92
b 
69.88 
SEM      52.450   0.005     14.740   0.087      83.740     4.950 
P-value       0.219   0.337     0.204   0.394        0.055     0.131 
No Significant Differences Were Found. 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
kgf = kilograms of force (Kramer Shear Force Value).  
  
 Table 9. Least Square Means of Beef Slices for Double Compression and Kramer Shear Force Values from Different 
Treatments on Day 28. 





























SEM     61.048   0.007    20.590    0.047    128.850       5.190 
P-value       0.017   0.153      0.011    0.154        0.017       0.818 
abc
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
kgf = kilograms of force (Kramer Shear Force Value).  
 
  
 Table 10. Least Square Means of Turkey Slices for Double Compression and Kramer Shear Force Values from Different 
Treatments on Day 28. 
Treatment Hardness Cohesiveness Gumminess Springiness Chewiness kgf 
Control 1665.64 0.23 382.40 5.94 2280.02 79.10 
LV 1.5% 1578.00 0.23 354.87 5.97 2121.47 87.22 
LV 2.5% 1772.77 0.23 411.13 5.96 2451.44 84.95 
LV 3.5% 1755.96 0.24 418.58 6.01 2519.82 92.26 
SEM      53.190   0.006     18.750   0.070     123.200    5.670 
P-value        0.063   0.466       0.097   0.902         0.131     0.447 
No Significant Differences Were Found. 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
kgf = kilograms of force (Kramer Shear Force Value).  
 
  






















































Control 7.10 7.92 7.02 7.47
a
 7.25 6.36 7.78 7.19
a
 
LV 1.5% 6.68 8.15 7.64 8.1
ab
 7.65 6.06 8.23 7.94
ab
 
LV 2.5% 6.47 7.83 7.18 8.63
b
 7.52 5.82 8.71 8.73
b
 
LV 3.5% 6.35 8.47 6.72 8.94
b
 7.08 5.95 8.74 8.98
b
 
SEM   0.249   0.283   0.490  0.400   0.327   0.395   0.320  0.392 
P-Value   0.134   0.347   0.576  0.041   0.579   0.782   0.092  0.003 
ab
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
Visual and texture attributes were evaluated individually on a 15 point scale.  
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 
Overall texture acceptability:  1 = very undesirable, 15 = very desirable. 
 
  
 Table 12. Least Square Means of Turkey Slices for Sensory Analysis of Visual and Textural Attributes Evaluated by 
Consumer Panels. 
abc
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
Visual and texture attributes were evaluated individually on a 15 point scale.  
1
Surface appearance: 1 = wet, 15 = shiny. 
2
Overall appearance:  1 = undesirable, 15 = desirable. 
3 
First Bite:  1 = falls apart, 15 = stays together. 
4 
Overall first bite acceptability: 1 = not acceptable, 15 = very acceptable. 
5 
Texture:  1 = very mushy, 15 = very rubbery. 
6 
Texture:  1 = very tender, 15 = very tough. 
7 
Mouth feel:  1 = very dry, 15 = very moist. 
8 





























































 9.07 9.34 






 8.50 8.68 






 8.96 9.30 






 8.80 9.15 
SEM   0.276   0.256        0.365   0.284 0.302 0.286   0.292   0.316 
P-Value   0.945   0.636  0.012   0.407 0.037 0.057   0.505   0.393 













































LV 1.5% 8.06 6.9
b







LV 2.5% 8.34 7.74
c







LV 3.5% 8.39 8.35
c







 SEM   0.330 0.296   0.221   0.261 0.317   0.353 0.327 0.370 
 P-Value   0.213 <.0001   0.908   0.640 0.001   0.204 0.016 0.003 
abc
 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
Flavor attributes were evaluated individually on a 15 point scale.  
1 
Beef flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 
Overall sample acceptability:  1 = very undesirable, 15 = very desirable. 
 
  













 Means within the same column and within a main effect without a common superscript differ (P < 0.05). 
LV = Commercial blend of buffered vinegar and lemon juice concentrate solution. 
SEM = Standard error of the mean. 
Flavor attributes were evaluated individually on a 15 point scale. 
1 
Turkey flavor, sweetness, saltiness, tartness:  1 = lacking, 15 = intense. 
2 
Overall flavor:  1 = very undesirable, 15 = very desirable. 
3 
Aftertaste clearing of flavor: 1 = clears rapidly, 15 = flavor lingers. 
4 
Overall aftertaste acceptability:  1 = very undesirable, 15 = very desirable. 
5 







































 6.82 6.03 8.92 7.31
ab
 9.06 8.96 
LV 1.5% 8.56 6.42
a
 6.83 6.02 8.75 6.83
a
 8.99 8.92 
LV 2.5% 8.38 7.19
b
 6.85 6.48 8.98 7.4
ab
 9.08 9.15 
LV 3.5% 8.57 8.09
c
 7.02 6.61 8.67 8.03
b
 8.69 8.67 
SEM   0.334  0.290   0.238   0.295   0.345  0.325   0.318   0.329 
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RECOMMENDATIONS FOR FUTURE RESEARCH 
 
 In conclusion of this research, a few things were learned on what could have been 
done better, different or needs to be addressed in future research. 
1. Not many differences were found between treatments or mixing times for double 
compression or Lee-Kramer shear.  Slight trends can be seen at times.  In the 
future a higher number of samples should be analyzed and from different 
locations in the roll. 
2. For beef roll production, the grade, age and how long the inside rounds were aged 
prior to being frozen was not known.  In the future, meat of the same grade, and 
age should be used to keep variation minimal. 
3. In future studies, evaluating “natural” products or using ingredients which meet 
“clean label” requirements, conventional treatments should be compared “natural” 
treatments. 
4. Another, project could mix the meat, salt, sugar, and water for a certain amount of 
time and then add the buffered vinegar and lemon juice at the end and mix to test 
the effects on timed addition of LV on product quality. 
5. Another, project could add half the meat and all the salt and mix for a set amount 
of time before addition of the other ingredients. 
6. Different cooking cycles could also be studied to determine if it would influence 




Appendix A:  Study I Turkey and Beef Brine Formulation 













Control 508.02 g 47.63 g 15.88 g N/A 
LV 414.36 g 47.63 g 15.88 g 93.67 g 
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Appendix B:  Study II Turkey and Beef Brine Formulation 












          LV 
 
Control 725.75 g 68.04 g 22.68 g N/A 
LV 
(1.5%) 
645.46 g 68.04 g 22.68 g 80.29 g 
LV 
(2.5%) 
591.94 g 68.04 g 22.68 g 133.81 g 
LV 
(3.5%) 
538.41 68.04 g 22.68 g 187.31 g 
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20 mm  Round End Discarded 
13 mm Proximate Analysis / pH 
13 mm Proximate Analysis / pH 
13 mm Day 0 Kramer 
13 mm Day 0 Kramer 
13 mm Day 28 Kramer 
13 mm Day 28 Kramer 
13 mm Day 0 Compression 
 
13 mm Day 0 Compression 
13 mm Day 28 Compression 
13 mm Day 28 Compression 
13 mm Color A 
13 mm Color B 
13 mm Color C 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
6.5 mm For Taste Panel 
20 mm  Round End Discarded 
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Appendix D:  Moisture and Ash Procedures (A.O.A.C. Methods) 
1. Number and weigh crucible, record number and weight 
2. Weigh out 1 gram of powdered sample into crucible and record weight 
3. Place crucible in pre-heated over at 100°C, overnight 
4. Remove crucible from oven and place in desiccators until cool (approximately 30 
minutes or more if needed) 
5. Weigh cooled crucible and record weight 
6. Place weighed crucible into ashing rack 
7. When rack is full place into ashing oven 
8. Run ashing program (temperature reaches 600°C) 
9.  When ashing program is done, remove crucibles and place in desiccators to cool 
10.  Weigh crucible 
11. Use following calculations to calculate moisture and ash: 
 
Calculation Moisture:  [(initial sample + crucible weight - final sample + Crucible 
weight)/initial sample weight] x 100 
 
Calculation Ash:  [(Final moisture sample + crucible weight – final ash + crucible 





Appendix E: Fat Extraction – Soxhlet Method( AOAC, 1990) 
WARNING: ETHER IS EXTREMELY FLAMMABLE AND PRODUCES 
EXPLOSIVE PEROXIDES.   NEVER BRING A RADIO OR ANY OTHER 
POTENTIALLY SPARK PRODUCING ITEM INTO THE FAT EXTRACTION ROOM 
Follow Steps Below 
Check ground glass connections.  They should be wiped clean with a dry paper towel and 
given a thin coating of stopcock grease. 
Each boiling flask must contain boiling stones.  This helps prevent violent boiling of the 
solvent which could be dangerous. 
Load samples into soxhlet tubes, arranging them so that no samples are above the level of 
the top bend in the narrower tubing on the outside of the soxhlet. 
Fill the large (500ml) boiling flasks with approximately 400ml of solvent and the small 
(125) flasks with 100ml of solvent.  Do this under the fume hood. 
Fit the soxhlet onto the boiling flask.  Very carefully, bring the assembly into the 
extraction room and fit it onto the condenser.  
Turn the water supply to the condensers.  Check later to make sure condenser is cool 
enough- if not increase water flow. 
Turn heating element control dials to 2.  Never turn the burner beyond five. 
Fat extraction will take from 24 to 72 hours depending on sample. (beef 48, bacon 72).  
Check extractions twice daily to see that everything is alright while running. 
When done, turn off the burners and let solvent cool completely before removing 
samples.  
After it has cooled down, slowly uncouple the flask and soxhlet tube from the condenser.  
Cover the top of any soxhlet with one palm to reduce ether vapors while transporting to 
fume hood.  Air dry samples for two hours to get rid of the remaining ether in samples. 
Place samples in drying oven (105 degrees C) for about four hours or overnight before 
weighing back. 
Calculation :[(Original weight including filter paper and paper clip - fat extracted sample 





Appendix F: Turkey Consumer Panel Survey                                   
 
Evaluation of Oven Roasted Turkey Breast Roll 
 
Name _____________________    Date _________________ 
 
You will be given 6 samples, one sample at a time.  Please evaluate each sample for the following 
attributes. Make a vertical line on the provided horizontal line at the point that best describes 
your perception of the attribute.  Each sample will have its own evaluation form.  
 





Wet/Shiny                             Dry/Dull 




Very Undesirable                               Very Desirable  









Breaks Apart Very Easily       Stays Together 
 ____________________________________________________________________________  
 
 
Acceptability of First Bite Texture 
Very Undesirable                               Very Desirable  
 ____________________________________________________________________________  
 
The remaining texture attributes are to accessed as you chew the sample 
 
Chewing Texture 
Very Mushy                        Very Rubbery 
 ____________________________________________________________________________  
 
 
Very Soft/Tender                 Very Hard/Tough  
 ____________________________________________________________________________  
 
Mouth feel 
 Very Dry                                Very Moist 
 ____________________________________________________________________________  
 
Overall Acceptability of the Chewing Texture 
Very Undesirable                               Very Desirable  






Lacking                      Intense     
 ____________________________________________________________________________  
 
Sweet 
Lacking                                      Intense   
 ____________________________________________________________________________  
 
Salt 
Lacking                       Intense     
  ____________________________________________________________________________  
 
Tart 
Lacking                       Intense     
 ____________________________________________________________________________  
 
 




Overall Flavor Acceptability  
Very Undesirable                               Very Desirable 
  






Clearing of flavor 
Flavor clears rapidly                    Flavor lingers  
 ____________________________________________________________________________  
 
 
Overall Aftertaste Acceptability  
   Very Undesirable                           Very Desirable 
  ____________________________________________________________________________  
 
Overall Sample Acceptability  
Very Undesirable                               Very Desirable 
  







Appendix G:  Roast Beef Consumer Panel Survey                                   
 
Evaluation of Roast Beef 
Name _____________________    Date _________________ 
 
You will be given 6 samples, one sample at a time.  Please evaluate each sample for the following 
attributes. Make a vertical line on the provided horizontal line at the point that best describes 
your perception of the attribute.  Each sample will have its own evaluation form.  
 





Wet/Shiny                             Dry/Dull 




Very Undesirable                               Very Desirable  









Breaks Apart Very Easily       Stays Together 
 ____________________________________________________________________________  
 
 
Acceptability of First Bite Texture 
Very Undesirable                               Very Desirable  
 ____________________________________________________________________________  
 
The remaining texture attributes are to accessed as you chew the sample 
 
Chewing Texture 
Very Mushy                        Very Rubbery 
 ____________________________________________________________________________  
 
 
Very Soft/Tender                 Very Hard/Tough  
 ____________________________________________________________________________  
 
Mouth feel 
 Very Dry                                Very Moist 
 ____________________________________________________________________________  
 
Overall Acceptability of the Chewing Texture 
Very Undesirable                               Very Desirable  






Lacking                      Intense     
 ____________________________________________________________________________  
 
Sweet 
Lacking                                      Intense   
 ____________________________________________________________________________  
 
Salt 
Lacking                       Intense     
  ____________________________________________________________________________  
 
Tart 
Lacking                       Intense     
 ____________________________________________________________________________  
 
 
Are there any other flavors that you perceived? Please list them below:  
 
Overall Flavor Acceptability  
Very Undesirable                               Very Desirable 
  






Clearing of flavor 
Flavor clears rapidly                    Flavor lingers  
 ____________________________________________________________________________  
 
 
Overall Aftertaste Acceptability  
Very Undesirable                               Very Desirable 
  ____________________________________________________________________________  
 
Overall Sample Acceptability  
Very Undesirable                               Very Desirable 
  






















Hours      
Minutes 45 30 5 15  
Main Fan, 1=Hi, 2=Lo 1 1 1 1  
DB Temp  160 170 180 60  
WB Temp 0 170 180 0  
Calculated RH  100% 100%   
Internal Temp   165   
Main Fan ON Yes Yes Yes Yes  
Exhaust Fan ON      
Steam Cook ON  Yes Yes   
Steam Humidity ON      
Closed Dampers  Yes Yes   
Cold Shower    Yes  
Smoke Generator ON      
Smoke, Gen, Pre-Heat      
Liquid Smoke ON      
Liquid Smoke Dwell      
Alarm Heard   Yes   
Water Humidity      
Hot Shower ON      
Refrigeration ON      
147 
 















Hours  1    
Minutes 30 0 10 6 10 
Main Fan, 1=Hi, 2=Lo 1 1 1 1 1 
DB Temp 145 155 168 160 60 
WB Temp 122 135 148 146  
Calculated RH 51% 57% 59% 69%  
Internal Temp   135   
Main Fan ON Yes Yes Yes Yes Yes 
Exhaust Fan ON      
Steam Cook ON      
Steam Humidity ON Yes Yes Yes Yes  
Closed Dampers  Yes Yes Yes  
Cold Shower     Yes 
Smoke Generator ON  Yes Yes   
Smoke, Gen, Pre-Heat Yes     
Liquid Smoke ON      
Liquid Smoke Dwell      
Alarm Heard    Yes Yes 
Water Humidity      
Hot Shower ON      
Refrigeration ON      
      
148 
 

















Appendix M: Study 2 Turkey Product Pictures 
 
